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ABSTRACT 
Children's exposure to Lead and Nickel in Esperance- A case study 
by 
Matthew Tristan Winters 
Honours (Applied and Analytical Chemistry) 
This is a cross-sectional study of lead and nickel exposure of children aged 2-12 years 
living at varying distances from a point source of pollution in Esperance. Esperance was 
an ideal case study location because of previous environmental contamination with 
lead and nickel above background levels. Non-invasive biological samples of hair, 
toenails and urine were collected from participating children, and environmental 
samples, including house dust, soil and drinking water were also sampled from each 
participant household. Exposure was assessed by measuring the concentration of 
metals found in the biological samples, and determining their relationships with the 
environmental samples from each child's household. Questionnaires gathered 
demographic and lifestyle data, which was used to explore possible relationships with 
exposure. Household dust had low concentrations of lead however there was some 
evidence of elevated nickel concentrations. Soil lead and nickel concentrations were 
below Australian guidelines. Low concentrations of lead were observed in drinking 
water however two drinking water samples were above the Australian Drinking Water 
Guidelines for nickel. Due to the low sample mass of children's toenails, the majority of 
the toenail samples were below the method detection limits. Hair and urinary lead and 
nickel concentrations were observed to be within published reference ranges although 
there was evidence of elevated environmental concentrations of lead and nickel. 
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CHAPTER 1 
REVIEW OF THE LITERATURE 
1.1 Introduction 
Esperance is a regional town on the southern coast of Western Australia and is home 
to one of the largest shipping ports in the region. The Esperance port is an 
economically important distribution hub for the local region with a variety of 
agricultural and mining exports including lead, nickel and iron ore from the 
surrounding regions. The Esperance Port Authority (EsPA) exported lead carbonate 
from the Magellan Metals mine near Wiluna, some 900 km north of Esperance 
between April 2005 and March 2007 (Western Australia Government Committee of 
Inquiry Education and Health Standing Committee, 2007). 
Esperance faces the Great Southern Ocean and experiences strong winds for most of 
the year (Sinclair Knight Merz, 2009). The strong winds have been responsible for 
spreading fine particulate lead and nickel dust from port activities onto the Esperance 
town site (Sinclair Knight Merz, 2009; Western Australia Government Committee of 
Inquiry Education and Health Standing Committee, 2007). Between December 2006 
and January 2007 there was the discovery of thousands of dead birds, which were 
subsequently found to have high concentrations of lead in their kidneys, livers and 
bones (Western Australia Government Committee of Inquiry Education and Health 
Standing Committee, 2007). Isotopic research later confirmed that the majority of the 
lead detected in the blood of children and adults, the dead birds, and the 
environmental samples in the community could be attributed to the lead carbonate 
transported through the port by Magellan Metals (Gulson et al., 2009). 
While it was later determined that lead was unlikely to be the cause of the bird deaths, 
the elevated lead levels in the birds alerted government authorities to the potential 
public health impacts of lead contamination, and the EsPA stopped the export of lead 
carbonate (Heyworth & Mullan, 2009; Western Australia Government Committee of 
Inquiry Education and Health Standing Committee, 2007). A number of investigations 
were subsequently conducted by the West Australian Department of Health (DoH) and 
the West Australian Department of Environment and Conservation (DEC) to determine 
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the extent of the contamination (Western Australia Government Committee of Inquiry 
Education and Health Standing Committee, 2007). 
1.2 Metals and the Environment 
Metals are a natural part of the environment with a wide distribution and variety of 
concentrations in the Earth's crust (Abbasi, Abbasi, & Soni, 1998; Alloway, 1995). Some 
elements are naturally abundant and others are quite rare (Abbasi et al., 1998; 
Alloway, 1995). Ten major elements constitute over 99% of the earth's crust. These are 
oxygen, silicon, aluminium, iron, calcium, sodium, potassium, magnesium, titanium, 
and phosphorus (Alloway, 1995). The remainder of the elements in the periodic table 
are considered to be trace elements (Alloway, 1995). Dust, soil and water are three 
different environmental media that contain metals (Alloway & Ayres, 1997; Barceloux, 
1999). The natural background concentration of metals in these environmental media 
is largely influenced by natural variations in geology and climate (Alloway, 1995; 
ATSDR, 2005, 2007; Lottermoser, 2002). 
Anthropogenic activities have influenced the natural background concentrations of 
metals in the environment (Alloway, 1995; Alloway & Ayres, 1997; ATSDR, 2005, 2007). 
Major anthropogenic sources of metals in soils and the environment include: 
construction; mining, smelting and refining; agricultural and horticultural materials; 
sewage sludge; fossil fuel combustion; metallurgical industries including manufacture, 
use and disposal of metal commodities; electronics including manufacture, use and 
disposal of electronic commodities; chemical and other manufacturing industries; 
waste disposal; sports shooting and fishing; warfare and military training (Alloway, 
1995). 
Metals have different properties and can be categorised based on their characteristics 
into; alkali and alkaline earth metals; transition and post-transition metals; and 
lanthanoids and actinoids (Anderton & Garnett, 1996). The right combination and 
concentrations of these specific metals are required in the environment to support 
plant, animal, and human life (ATSDR, 2005, 2007). Very low concentrations of metals 
lead to nutrient deficiencies, while excessively high concentrations can be toxic 
(ATSDR, 2005, 2007). Some metals are biologically important to humans, while other 
metals such as the heavy metals lead and nickel serve no known biological role or 
purpose in humans (ATSDR, 2005, 2007; Barceloux, 1999; Cempel & Nikel, 2006). It 
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should be noted that the concentrations of lead and nickel found in environmental and 
biological samples via analytical determination does not necessarily correspond to the 
amount that is biologically available (ATSDR, 2005, 2007). If high concentrations of 
nickel are found in environmental media such as soil, the nickel may be embedded in a 
crystalline matrix or bound to hydrated iron, aluminium, or manganese oxides, and 
therefore will not be bio-available (ATSDR, 2005, 2007). This study is focused on two 
heavy metals, lead and nickel. 
1.2.1 Lead 
Lead (Pb) is a normal constituent of the Earth's crust (Casas, Fernandez, & Sardo, 
2006). If left undisturbed, lead is harmless, but it is highly toxic once mined and 
transformed for human use (Casas et al., 2006). Although elemental lead can exist in 
nature this is extremely rare and lead is normally present in Pb+2 compounds and ores 
(Casas et al., 2006). Lead is primarily mined from several types of ores, including galena 
(PbS), cerussite (PbC03), anglesite (PbS04), litharge/massicot (PbO), and minium 
(Pb 30 4) (Casas et al., 2006). Each lead ore has different properties (Barltrop & Meek, 
1975). Research has found that lead carbonate is considerably more toxic than other 
lead compounds, with a higher absorption rate in rats compared to lead sulphide and 
lead acetate (Barltrop & Meek, 1975). 
Lead has caused severe pollution around the world due to its use in various 
commonplace products such as fuels and paints (Casas et al., 2006). Other major 
sources of lead pollution include the mining and smelting of lead ores, the refining and 
processing of lead compounds, battery manufacturing, waste incineration and 
industrial plants using coal (Casas et al., 2006). Tetraethyl lead, an organa-lead 
compound, was used in fuels as an anti-knock additive for internal combustion engines 
(Casas et al., 2006). 
Lead that is released into the atmosphere can be deposited onto land and into aquatic 
environments (Alloway, 1995; Li, Poon, & Liu, 2001). While most leaded products 
incll.Jding fuels and paints have been phased out in many countries around the world, 
elevated concentrations are still found in many urban environments when compared 
to rural environments, resulting from many years of use (Casas et al., 2006; Jacobs et 
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al., 2002; Thornton, Davies, Watt, & Quinn, 1990}. Lead is also a known component of 
tobacco and tobacco smoke (Mannino, Albalak, Grosse, & Repace, 2003). 
Old houses with leaded paint generally have higher levels of lead in household dust 
(Casas et al., 2006; Jacobs et al., 2002). Elevated dust lead concentrations may also 
arise from outdoor sources (Butte & Heinzow, 2002). The concentration of lead in top 
soil layers is greatly affected by the accumulation of atmospheric particulates from 
anthropogenic sources (Alloway, 1995; Castellino, Castellino, & Sannolo, 1994; Li et al., 
2001). Lead concentrations next to urban roadways are typically higher than 
background concentrations, being up to 1,500 mg/kg (Pagotto, Remy, Legret, & Le 
Cloirec, 2001). Concentrations decrease exponentially with increasing distance from 
the roadside (Pagotto et al., 2001}. Lead can adhere to soil particles, where it can 
remain for many years in the upper layers of soil (Alloway, 1995; Li et al., 2001). As a 
result, continued or repeated human exposure can arise from contaminated soil, many 
years after the contamination initially occurred (ATSDR, 2007).The natural background 
lead concentrations from galena (PbS) based soils can be up to 30 mg/kg (ATSDR, 
2007). High lead concentrations in soils can normally can be attributed to 
anthropogenic sources (Castellino et al., 1994). The concentration of lead in surface 
water is highly variable depending upon sources of pollution, lead content of 
sediments, and other characteristics of the system (ATSDR, 2007). Lead concentrations 
in drinking water can be elevated in old households, schools, and office buildings as a 
result of plumbing corrosion and consequent leaching of lead (ATSDR, 2007). 
Currently no Australian guidelines for lead concentration in household dust are 
available. Comparisons can only be made to the literature (Table 1-1). The lead 
concentration in dust can be up to 30,000 mg/kg (Adgate, Weisel, Wang, Rhoads, & 
Lioy, 1995; ATSDR, 2007; Chattopadhyay, Lin, & Feitz, 2003; Seifert et al., 2000; 
Thornton et al., 1990; Tong & Lam, 2000). Whilst many factors influence the 
concentration of lead in household/indoor dust, a number of studies the literature 
indicate that the mean concentration of dust lead is between 10-300 mg/kg (Adgate et 
al., 1995; ATSDR, 2.007; Chattopadhyay et al., 2003; Clayton, Pellizzari, Whitmore, 
Perritt, & Quackenboss, 1999; Seifert et al., 2000; Thornton et al., 1990; Tong & Lam, 
2000). 
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Table 1-1. International ,Studies of Household and Indoor lead Dust Concentrations 
Country Year n Mean Range Reference 
(mg/kg) (mg/kg) 
Australia, 
2003 82 85.2{GM) 
16- (Chattopadhyay et al., 
(Sydney) 16,600 2003} 
Honk Hong, 
2000 151 157.4(MD) <1,415.2 (Tong & Lam, 2000) 
(Various) 
USA, 
1999 244 463.09{AM) <698.92# (Clayton et al., 1999} 
(National Study) 
USA, 
1998 37 377.2(AM) NS (Tong, 1998} 
(Cincinnati) 
USA, 





<37,000 (Seifert et al., 2000) 
(National Study) 1992 56.9(AM) 
UK 
1990 4,638 561{GM) 
5-
(Thornton et al., 1990) 
(National Study) 36,900 
Note: n=number of households/samples, AM= Arithmetic Mean, GM= Geometric Mean, MD= Median, 
NS= Not Stated, #= 9dh Percentile value, 11= 951h Percentile value 
In Australia, the National Environment Protection Council has published a guideline for 
soil lead concentrations which are set as an investigation level trigger (National 
Environment Protection Council, 1999}. The soil guideline values differentiate between 
different land use categories, mainly residential and commercial/industrial (National 
Environment Protection Council, 1999). Currently the Health Investigation Level (HIL) 
for lead in soil for a 'Standard' residence with a garden and accessible soil, which 
includes home-grown produce contributing less than 10% of vegetable and fruit intake, 
and with no poultry, is 300 mg/kg (National Environment Protection Council, 1999). 
This category also includes children's day-care centres, kindergartens, preschools and 
primary schools (National Environment Protection Council, 1999}. In other guidelines 
around the world, lower soil lead concentrations are advised. In Canadian parks the 
level is 140 mg/kg (Western Australia Government Committee of Inquiry Education 
and Health Standing Committee, 2007). 
The current Australian Drinking Water Guidelines (ADWG) produced by the National 
Health Medical Research Council (NHMRC} specify that the lead concentration should 
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be below 0.01 11g/L (National Health Medical Research Council, 2004L which matches 
the current World Health Organisation (WHO) guideline (WHO, 2008). 
1.2.2 Nickel 
Nickel (Ni) is a natural constituent of the Earth's crust and is the 24th most abundant 
element, comprising about 3% of the Earth (Barceloux, 1999; Cempel & Nikel, 2006). 
Nickel is the 5th most abundant element by weight after iron, oxygen, magnesium and 
silicon (Cempel & Nikel, 2006). Nickel is a transition metal and belongs to group VIII B 
of the periodic table (Anderton & Garnett, 1996). Nickel exists in various ore forms 
(laterites) including limonite, garnierite, and pentlandite (Cempel & Nikel, 2006; Von 
Burg, 1997). Some other nickel compounds include, elemental nickel (Ni), nickel 
subsulfide (Ni3S2) and nickel oxides (NiO and Nb03), nickel carbonyl (Ni(C0)4), nickel 
chloride (NiCb), nickel subarsenides (Ni11As8 and N,isAs2), nickel sulfarsenide (NiAsS), 
and nickel sulphate (NiS04) (Von Burg, 1997). The world's major producers of nickel 
include Canada, Russia, New Caledonia, and Australia (Barceloux, 1999). 
Nickel and its compounds have numerous industrial and commercial uses (Cempel & 
Nikel, 2006). Nickel has high corrosion and temperature resistance properties, and is 
widely used in the metallurgical, chemical and food processing industries, especially as 
catalysts, pigments or in the production of stainless steel and other nickel alloys 
(ATSDR, 2005; Barceloux, 1999; Cempel & Nikel, 2006). Nickel is widely distributed in 
the environment, being released from both natural sources and anthropogenic 
activities (Cempel & Nikel, 2006). Natural sources of atmospheric nickel levels include 
wind-blown dust; derived from the weathering of rocks and soils, volcanic emissions, 
forest fires, and vegetation (Cempel & Nikel, 2006). Anthropogenic nickel pollution 
around the world is most commonly detected around nickel refining and smelting 
industries (Birmingham & Mclaughlin, 2006; Thomassen et al., 1999), however nickel 
can also be found in ambient air as a result of construction, combustion of coal, diesel 
oil or fuel oil, and the incineration of sewage and waste (ATSDR, 2005; Barceloux, 
1999; Cempel & Nikel, 2006). 
Nickel appears in the food chain through uptake by plants (Barceloux, 1999). Lower 
level sources of exposure to nickel can include inhalation of tobacco smoke, and 
dermal contact with stainless steel, ·inexpensive jewellery, and other everyday objects 
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such as coins and kitchen utensils. These are normally the most significant sources of 
exposure for people who are not occupationally exposed (ATSDR, 2005; Cempel & 
Nikel, 2006; Von Burg, 1997). The other significant source of exposure in the non 
occupationally exposed population is via ingestion, where there is contamination of 
the drinking water, or as either a constituent or contaminant of food (Cempel & Nikel, 
2006}. Nickel is not known to bio-accumulate (Barceloux, 1999) 
Nickel tends to be distributed uniformly through the soil profile, but typically 
accumulates at the surface because of deposition from industrial and agricultural 
activities (Cempel & Nikel, 2006). Nickel can exist in soils in several forms: inorganic 
crystalline minerals or precipitates, complexed or adsorbed on organic cation surfaces 
or on inorganic cation exchange surfaces, water soluble, free-ion or chelated metal 
complexes in soil solution (Cempel & Nikel, 2006}. Soil nickel concentration varies 
widely from 3 to 1,000 mg/kg, but the typical concentration is between 4 and 80 
mg/kg (ATSDR, 2005; Cempel & Nikel, 2006). The natural content of nickel in soil is 
largely dependent on local geology. One region, north of Sydney, Australia is naturally-
enriched with high nickel concentrations of up to 2,030 mg/kg (Lottermoser, 2002). 
Fresh water and sea water that has not been contaminated, typically contain low 
nickel concentrations of about 0.3 ~g/L (Barceloux, 1999). Nickel concentrations in 
drinking water in the United States range from 0.55 to 25 ~g/L and are typically 
between 2 and 4.3~g/L (ATSDR, 2005). 
No Australian guidelines for nickel concentrations in household dust are available. 
Comparisons can only be made to the literature (Table 1-2). Nickel concentration in 
dust can be up to 200 mg/kg (Butte & Heinzow, 2002; Davis & Guison, 2005; O'Rourke 
et al., 1999}. Whilst many factors influence the concentration of nickel in household 
and indoor dust, studies indicate that the concentration of nickel in dust is 30-70 
mg/kg (Butte & Heinzow, 2002; Davis & Gulson, 2005; O'Rourke et al., 1999). 
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Table 1-2. International Studies of Hous~hold and Indoor Nickel Dust Concentrations 
Country Year n Mean Range Reference 
(mg/kg) (mg/kg) 
Australia, 
2005 10 47 34-80 (Davis & Gulson, 2005) 
(Sydney) 
USA, 
2002 u 62.9 <116.4 (Butte & Heinzow, 
(Ottawa) 2002) 
USA, 
(National 1999 135 54.3" 14.0-167.3 (O'Rourke et al., 1999} 
Study) 
Note: n=number of households/samples, AM= Arithmetic Mean, GM= Geometric Mean, MD= Median, 
NS= Not Stated,#= 9dh Percentile value, 11= 951h Percentile value, U= Unknown 
Australia currently follows the National Environment Protection Council's published 
guideline for soil nickel concentration (National Environment Protection Council, 
1999}. Currently the Health Investigation Level (HIL) for nickel in soil for a 'Standard' 
residence with a garden and accessible soil, which includes home-grown produce 
contributing less than 10% of vegetable and fruit intake, and with no poultry, is 600 
mg/kg (National Environment Protection Council, 1999). This category also includes 
children's day-care centres, kindergartens, preschools and primary schools (National 
Environment Protection Council, 1999}. In contrast, current Polish regulations limit the 
allowable soil nickel concentration in non-industrialized areas to 50 mg/kg dry weight 
(Cempel & Nikel, 2006). 
The current Australian Drinking Water Guidelines (ADWG) produced by the National 
Health Medical Research Council (NHMRC) specify that the nickel concentration should 
be below 0.02 !J.g/L (National Health Medical Research Council, 2004), which is less 
than the current World Health Organisation (WHO) guideline value of 0.07 !J.g/L (WHO, 
2008). 
1.3 Health Effects of Exposure 
1.3.1 Lead 
"Safe" concentrations for exposure to lead have been continually reduced over the 
past decades (CDC, 1991}. The U.S. Center for Disease Control and Prevention (CDC) 
recommendations fbr safe blood lead concentration has been reduced from 40 !J.g/dl 
in 1974, to 25 !J.g/dl in 1985 and to 10 !J.g/dl in 1991 (CDC, 1991).Currently, there is 
concern that harmful effects may be experienced at even lower blood lead 
concentrations. This is because iead is a classical subclinical toxin, where harmful 
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health effects may occur that are not evident on standard clinical examination, at 
relatively low dose exposure (Landrigan, 1989). 
Most of the toxic properties exhibited by lead lie with its ability to mimic and compete 
with calcium in the body (Needleman, 2004). Shortly after ingestion or inhalation, lead 
travels in the blood to soft tissues and organs such as the liver, kidneys, lungs, brain, 
spleen, muscles, and heart (ATSDR, 2007). Lead is eventually deposited in bones and 
teeth after a number of weeks (ATSDR, 2007). In adults, about 94% of the total amount 
of lead in the body is contained in the bones and teeth, whereas in children only 73% 
of the lead is stored in their bones (ATSDR, 2007). About 99% of the amount of lead 
taken into the body of an adult will be excreted within a couple of weeks, but only 
about 32% of the lead taken into the body of a child will be excreted (ATSDR, 2007). 
Under conditions of continued exposure, not all of the lead that enters the body will 
be eliminated, resulting in bioaccumulation of lead in body tissues, especially bone 
(ATSDR, 2007). 
High or long-term exposure to lead is known to cause damage to the central nervous 
system, reproductive system, brain, kidneys and cardiovascular system (ATSDR, 2007; 
Moon, Davison, Smith, & Fadl, 1988; Needleman, 2004; Ringold, Lynm, & Glass, 2005). 
High levels of lead exposure can also cause motor clumsiness, clouded consciousness, 
weakness, paralysis and even death (ATSDR, 2007; Needleman, 2004). Other long-term 
effects of lead poisoning include poor appetite, gastric upset, headaches, irritability, 
aggression, fatigue, anaemia and aching joints and muscles (ATSDR, 2007; Moon, Paik, 
Choi, Kim, & Ikeda, 2003; Needleman, 2004; Ringold et al., 2005). Lead exposure has 
more recently been associated with adverse cardiovascular outcomes, and impacts on 
bone density (Jarup, 2003). The International Agency for Research on Cancer (IARC) 
has determined that inorganic lead is probably carcinogenic to humans (IARC, 2004). 
1.3.2 Nickel 
The toxicity of nickel in humans is not well known. Most of the available toxicological 
information is from animal studies (ATSDR, 2005). The lack of actual exposure data on 
nickel in children creates problems assessing health outcomes (ATSDR 2005). Based on 
the available literature, the target organs for nickel toxicity were the respiratory 
system arising from .inhalation exposure, gastrointestinal tract, haematological system, 
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and kidneys arising from oral exposure at high concentration (ATSDR, 2005). The most 
serious harmful health effects from high or long term exposure to nickel include 
chronic bronchitis, reduced lung function, and cancer of the lung and nasal sinus 
(ATSDR, 2005). Reproductive and developmental effects have been observed in 
animals after inhalational or oral exposure to nickel (ATSDR, 2005). The most 
commonly reported adverse health effect from nickel exposure is nickel sensitivity and 
dermatitis, which has been attributed to exposure from airborne nickel, liquid nickel 
solutions, or prolonged contact with nickel containing items such as jewellery (ATSDR, 
2005). Respiratory effects include asthma, sore throat, hoarseness and a non-
productive cough (ATSDR, 2005; Von Burg, 1997). Other adverse health effects from 
nickel exposure include a decreased sense of smell, and nasal septum perforation (Von 
Burg, 1997). Some nickel compounds are also classified as Class One carcinogens (IARC, 
1997). 
Many of the harmful effects of nickel are due to its interference with the metabolism 
of essential metals, such as Fe+2, Mn+2, Ca+2, zn+2, Cu+2 or Mg+2 . These metals can 
suppress or modify the toxic and carcinogenic effects of nickel (Cempel & Nikel, 2006). 
Studies of absorption, distribution, metabolism and excretion (pharmacokinetics) of 
nickel in humans indicate that nickel is absorbed through the lungs (Sunderman & 
Oskarsson, 1991), gastrointestinal tract (Patriarca, Lyon, & Fell, 1997; Sunderman, 
1989), and skin (Fullerton, Andersen, Hoelgaard, & Menne, 1986; Norgaard, 1955). 
After nickel is absorbed into a human body, it is distributed to all organs, but is 
concentrated in the kidneys (ATSDR, 2005). Most of the absorbed nickel is excreted via 
urine, regardless of the route of exposure. It can also be eliminated by the body in hair, 
skin, milk, and sweat (ATSDR, 2005). 
1.4Children's Exposure to Lead and Nickel 
Children and infants are exposed to a large number of metal contaminants from a 
variety of environmental sources (Moon et al., 2003; Ringold et al., 2005). Children's 
exposure to metals can occur via three main pathways which include dermal 
absorption, inhalation of fine dust particles and vapours1 and ingestion of 
contaminated food or water (Moon et al., 2003; Nieuwenhuijsen, 2003; Ringold et al., 
2005). 
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Children are at increased risk of exposure to contaminants because of specific 
behavioural differences compared to adults (Freeman et al., 2001). Some key 
behavioural differences include, children's universal hand to mouth behaviour 
including the placement of hands, fingers, toes and other non food items into their 
mouths, the proximity of their mouths to the ground, crawling on dust covered floors, 
and undeveloped personal hygiene skills including hand washing (Freeman et al., 
2001). Non-food items that children have been reported to put into their mouths 
include toys covered in dust, pacifiers that have fallen on the ground, and even direct 
ingestion of soil (geophagy) (Freeman et al., 2001). 
Children drink more fluids, eat more food, and breathe more air than adults per 
kilogram of body weight (Fitzgerald et al., 1998). Children's larger skin surface area in 
proportion to weight also increases their risk of absorption of metal contaminants in 
dust and soil (Fitzgerald et al., 1998). Exposure through the respiratory tract may be 
increased because infants and children inspire air from closer to the ground than 
adults (Fitzgerald et al., 1998; Freeman et al., 2001). It has also been estimated that 
children inhale two to three times more lead per unit of body weight than adults 
because of their higher metabolic index and greater physical activity (Fitzgerald et al., 
1998). As children develop, there are significant changes to absorption, metabolism, 
and excretion of chemicals (pharmacokinetics) compared to adults (Fitzgerald et al., 
1998). This can be seen in the gastrointestinal tract as the gastric pH changes markedly 
in the months after birth, affecting the absorption of chemicals from the stomach 
(Fitzgerald et al., 1998). This has been observed for lead, with children absorbing a 
larger percentage of ingested lead compared to the same dose in adults (ATSDR, 
2007). Because of these differences in pharmacokinetics, children cannot be assumed 
to have the same health outcomes as adults for the same levels of exposure (ATSDR 
2005). 
In children there is a greater prevalence of nutritional deficiencies, which can enhance 
the absorption of lead from the gastrointestinal tract (WHO, 1991). The developing 
central nervous system in children is more vulnerable to toxins than the mature central 
nervous system of adults due to the immaturity of the blood-brain barrier 
(Needleman, 2004). Haematological and neurological effects of lead exposure occur at 
lower thresholds in'.children than in adults (WHO, 1991). Limited data is available on 
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the toxicity of nickel in children, however studies which have included children, 
suggest that they are more susceptible than adults (ATSDR, 2005). 
1.5 Biomarkers 
Biomarkers reflect designated events in a biological system (Mendelsohn, Peeters, & 
Normandy, 1995). There are many different types of biomarkers including blood, 
saliva, skin scales, nails, hair and urine which can be used for the assessment of 
exposure to a variety of chemicals (Barbosa, Tanus-Santos, Gerlach, & Parsons, 2006; 
Mendelsohn et al., 1995; Samanta, Sharma, Roychowdhury, & Chakraborti, 2004). It is 
now recognized that a number of factors can have a significant impact on biomarker 
concentrations including age, gender, nutritional status and genetics (ATSDR, 2005, 
2007; Barbosa et al., 2006; Mendelsohn et al., 1995). 
Different biomarkers represent different metabolic pathways for chemicals within the 
body (Barbosa et al., 2006). For example, blood and urine can be used to monitor short 
term exposures of up to a month (Barbosa et al., 2006; Tuormaa, 1994). However for 
lead intoxication, the use of blood is criticised because of its short term nature, 
meaning that if cannot provide useful information on lead retention and body burden 
(Tuormaa, 1994). Hair and nails however, can reflect the accumulated lead level in the 
human body over longer durations of 2 to 5 months, and 12 to 18 months respectively 
(Barbara & Henryk, 1998; Barbosa et al., 2006; Tuormaa, 1994; Yoshinaga, lmai, 
Nakazawa, Suzuki, & Morita, 1990). For this reason, hair and nails are attractive 
alternatives to other invasive biomarkers such as blood as they can provide more 
information about exposure over a longer time period (Barbosa et al., 2006). A number 
of studies have investigated the use of hair and nails as biomarkers of the 
environmental burden of toxic metals and commonly cite the ease of sample 
collection, transportation and storage as advantages for the use of hair and nails 
(DiPietro, Phillips, Paschal, & Neese, 1989; Dombovari & Papp, 1998; Morton, Carolan, 
& Gardiner, 2002; Samanta et al., 2004; Sanna, Liguori, Palmas, Sora, & Floris, 2003; 
Schuhmacher, Belles, Rico, Domingo, & Corbella, 1996; Sreenivasa Rao, Balaji, Prasada 
Rao, Babu, & Naidu,.2002; Wasiak, Ciszewska, & Ciszewski, 1996). 
Hair grows at approximately 2-5 mm per day in humans (Hopps, 1977). Because of this 
growth rate, hair reflects the fluctuating serum concentrations of target metals over a 
number of months (Barbosa et al., 2006). However, hair is subject to external 
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contamination from the environment and cosmetics such as shampoos, hair sprays, 
soaps and perfumes, which can alter the trace element content (DiPietro et al., 1989; 
Valkovi, 1988). Previous authors have stated that before trace element levels in scalp 
hair become acceptable indicators of exposure, it is necessary to establish the normal 
range of values for the target metal, together with standardisation of sample collection 
and sample preparation (Morton et al., 2002). This means that the elements 
incorporated into hair from within the body (endogenous) must be differentiated from 
external contamination (exogenous) (Morton et al., 2002). This is represented in Figure 
1-1, showing a non-exhaustive list of sources of endogenous concentrations, and also 
of exogenous contaminants (Kintz, 2006). 
"* 
Source: (Kintz, 2006) 
Figure 1-1. Endogenous and Exogenous sources of trace elements 
External cont<1mination complicates the interpretation of hair analysis making it 
difficult to determine endogenous levels of target metals (Morton et al., 2002). 
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Research has suggested the possibility of minimising the amount of exogenous 
contaminants by sampling as close to the scalp as possible (Ware, 2001). The 
concentration of elements in strands of hair can vary throughout the length of the 
strand. The proximal end of the hair is considered to be representative of recent 
exposure (Ware, 2001). In sample preparation, washing the hair is focused on 
removing externally bound contaminants to allow for the determination of elements 
within the strand itself (DiPietro et al., 1989; Morton et al., 2002; Ware, 2001). In spite 
of the problems posed by external contamination and lack of standardised 
methodology for hair analysis, the World Health Organisation has recommended the 
use of hair testing for heavy metal monitoring in some cases (Druyan et al., 1998). 
According to the Environmental Protection Agency (EPA) human hair is one of the most 
important biological materials for world-wide environmental monitoring. The 
International Atomic Energy Agency (IAEA) uses hair to monitor global trends in levels 
of target elements (Druyan et al., 1998). 
Nails share many of the same advantages as hair, in being non invasive, easy to collect 
and store (Barbosa et al., 2006). Nails are considered to reflect long-term exposure, 
because they are isolated from other metabolic activities in the body as they grow 
(Takagi et al., 1988). Nails can be externally contaminated from the environment and 
by shampoos, soaps and nail polishes (Ware, 2005), however toenails are considered 
to be less affected by exogenous environmental contamination than fingernails, and 
have been preferred in exposure studies (Barbosa et al., 2006; Ware, 2005). Toenails 
grow more slowly than fingernails, and can be up to 50% slower in winter, which may 
provide an even longer integration of exposure (Barbosa et al., 2006). There is a high 
variability of certain elements in fingernails and toenails, even from the same subjects 
even after vigorous washing procedures (B. L. Gulson, 1996). There is even less 
agreement in the literature about sample preparation procedures for toenail analysis 
than hair (Ware, 2005). The use of nails however, has an advantage over hair, because 
there are fewer factors influencing the concentra~ions of elements (Barbosa et al., 
2006; Ware, 2005). l,Jnfortunately, the total mass of toenail available for sampling in 
children is far less than in adults. 
Urinary lead is considered to be lead that has diffused from the plasma, and is then 
excreted through the kidneys (Barbosa et al., 2006). Because urinary lead is filtered 
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from plasma at the glomerular level, it is suggested that correcting for the glomerular 
filtration rate may produce a useful proxy for plasma lead (Tsaih et al., 1999). Blood 
lead and urinary lead relationships have been reported (Calder6n-Salinas & Valdez-
Anaya, 1996; B. L. Gulson et al., 1998), but whilst urinary lead measurements are 
considered potentially useful (Angle, Manton, & Stanek, 1995), the relationship 
between blood lead and urinary lead is not completely understood (B. L. Gulson et al., 
1998). Nickel is readily absorbed into the body, however it doesn't bio-accumulate. 
Although it is widely distributed to all tissues, it is rapidly excreted in the urine (ATSDR, 
2005). Because of this, urinary nickel is a very good biomarker for nickel (ATSDR, 2005). 
Nickel is not a cumulative toxin in animals or in humans (Barceloux, 1999). 
There are many different ways to measure the concentration of trace elements in 
urine, with the simplest being a unit mass per volume (Boeniger, Lowry, & Rosenberg, 
1993), however urine concentrations naturally fluctuate due to many factors (Boeniger 
et al., 1993). It is desirable to minimise these factors to provide more accurate results 
(Boeniger et al., 1993). Creatinine correction is one method available to normalise 
results (Boeniger et al., 1993). Creatinine is a normal endogenous product of the 
human body, which is excreted in urine (Boeniger et al., 1993). Inappropriate use of 
creatinine correction may lead to unjustified or inexplicable results (Boeniger et al., 
1993). Urine samples with creatinine values below 0.3 g/L can overestimate results, 
while values above 3.0 g/L can underestimate results (Aguilera et al., 2008). This is a 
problem with children as they normally have low creatinine concentrations due to a 
low body mass (Boeniger et al., 1993). 
1.5.1 Biomarkers of Lead and Nickel 
Currently there are no Australian or international guidelines for lead or nickel 
concentrations in hair. Comparisons can only be made to the literature (Table 1-3). 
From studies around the world, normal hair concentrations of lead in the general 
population are between detection limits and 2 mg/kg, while for nickel are between 
detection limits and 5 mg/kg (DiPietro et al., 1989; Grybos et al., 2005; Samanta et al., 
2004; Senofonte, Violante, & Caroli, 2000; Shah, Shaheen, Khalique, Alrabti, & Jaffar, 
2006; Strumylaite, Ryselis, & Kregzdyte, 2004; Takagi et al., 1986; Ward, Spyrou, & 
Damyanova, 1987). Other authors support these findings for lead and have suggested 
that 25 mg/kg indic.ates very high lead exposure in adults (Furman & Laleli, 2000), 
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while for children, an even lower limit of 9 mg/kg is suggested for the allowable 
concentration of lead in hair (Esteban, Rubin, Jones, & Noonan, 1999; Revich, 1994). 
Some studies have reported blood lead and hair lead correlations (Esteban et al., 1999; 
Iversen, Sabbioni, Fortaner, Pietra, & Nicolotti, 2003). 
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T~bl~?j;3~'Jil1:E!rnatiOnaiStLicfies of Hair Lead ~nd NickeLConcentrations 
Reference Study 1 Study 2 Study 3 Study 4 Study 5 Study 6 Study 7 Study 8 Study 9 
Year. 2006 2005 2004 2004 2000 1989 1988 1987 1986 
Country Libya Pakistan Poland India Lithuania Italy USA World Bulgaria Canada USA Poland Japan India 
n 62 62 40 44 190 412 271 M 36 92 55 46 457 255 
c tlO 
ro ~ 11(MD) OJ"- 24.95 1.97 0.9 8.03 2.9 2.12 2.12 - 0.26 1.01 0.52 2.7 0.35 
-o ~ E 
ro 
OJ 
-l OJ tlO 
3.83- 2.45-tlO~ 0.05- 0.57-c"- <22.9 <10.8 <10.8 4.2-52 ro tlO 42.33 27.09 5.69 41.71 o::: E 
c tlO 
ro~ 
1.98 44(MD) OJ"- 2.45 1.67 1.59 - 0.45 0.45 1.85 5.38 5.35 2.52 3.62 13.2 
OJ ~ ft 
~ 
u 
z OJ tlO 0.12- 0.16-. 0.21- 0.45- 2.1- 0.55-tlO~ c"- - <1.5 <1.5 - -ro tlO 6.43 8.36 4.19 12.45 1250 3.59 o::: E 
Note: n=sample size, AM= Arithmetic Mean, GM= Geometric Mean, MD= Median, NS= Not Stated, @=lOth Percentile value,#= 9dh Percentile value, A= 95th Percentile value, M= 
Multiple Studies Combined, U= Unknown 
Study 1= (Shah et al., 2006) 
Study 2= (Grybos et al., 2005) 
Study 3= (Samanta et al., 2004) 
Study 4= (Strumylaite et al., 2004) 
Study 5= (Senofonte et al., 2000) 
Study 6= (DiPietro et al., 1989) 
Study 7= (Iyengar & Woittiez, 1988) 
Study 8= (Ward et al., 1987) 
Study 9= (Takagi et al., 1986) 
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Currently there are no Australian or international guidelines for lead or nickel 
concentrations in toenails. Comparisons can only be made to the literature (Table 1-4). 
The normal concentration of lead in nails is approximately 10 mg/kg, and nickel is 
approximately 5 mg/kg (Nowak & Chmielnicka, 2000; Samanta et al., 2004). 
Table 1-4. International Studies of Nail Lead and Nickel Concentrations 




"'C Mean mg/kg 10.99(AM) 
C1J 
Q) 
-I Range mg/kg 1.19-52.56 
Q) Mean mg/kg 3.89{AM) 
~ 
u 
z Range mg/kg 0.94-14.78 
Note: n=sample size, AM= Arithmetic Mean 










Study 2= (Nowak & Chmielnicka, 2000) 
Currently there are no Australian or international guidelines for lead or nickel 
concentrations in urine. Comparisons can only be made to the literature (Table 1-5). 
From studies around the world, normal urine concentrations for lead and nickel are 
below 5 IJ.g/L (Aguilera et al., 2008; Asante et al., 2007; Calder6n-Salinas & Valdez-
Anaya, 1996; Iversen et al., 2003; Iyengar & Woittiez, 1988; Komaromy-Hiller, Ash, 
Costa, & Howerton, 2000; Moon et al., 2003; Paschal et al., 1998; Zeiner, Ovari, Zaray, 
& Steffan, 2006). 
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"l"~~.l¢1~""?~1riterpe~ti<>llal Studies of Urinary Le(ad and Nickel Concentratif)ns 
Reference Study 1 Study 2 Study 3 Study 4 Study 5 Study 6 Study 7 Study 8 Study 9 
Year 2008 2007 2006 2003 2003 2000 1998 1996 1988 
Country Spain Spain Ghana Austria UK Korea USA USA Mexico World 
(South West) (South) 
n 857 861 17 100 178 38 2035 496 30 M 
Mean - - 3.64(AM) - 13.2 5.44(GM) 1.3(AM) 2.08(GM) 25.0(AM) 11(MD) 
:::::1 "'0 ro ......... <l) 
0.0 .....! 
::i Range - - <7.25 - 0.39-26.1 - <4.1 <6.4A <84 6.3-13.0 -
"'0 
<l) 
> 1.08(GM) 1.37(GM) 3.6(AM) 2.5(MD) ,_ Mean <l) - - - - - -
Vl <l) 
..a ..::£. 
0 u z Range <68.45 <34.08 <11.9 - 2.2-2.7 - - - - -
Mean - - - - - 6.92(GM) - 1.88(GM) 




1.42(GM) u Mean 1.15(GM) 0.85 <l) -,_ <l) ,_ ..::£. 
0 u u z Range <39.34 <49.94 - <9.48 
Note: n=sample size, AM= Arithmetic Mean, GM= Geometric Mean, MD= Median, NS= Not Stated, @=lOt Percentile value,#= 90t Percentile value, 11= 95t Percentile value, M= 
ryJultiple Studies Combined, U= Unknown 
Study 1= (Aguilera et al., 2008) Study 2= (Asante et al., 2007) Study 3= (Zeiner et al., 2006) 
Study 4= (Iversen et al., 2003) Study 5= (Moon et al., 2003) Study 6= (Komaromy-Hiller et al., 2000) 
Study 7= (Paschal et al., 1998) Study 8= (Calder6n-Salinas & Valdez-Anaya, 1996) Study 9= (Iyengar & Woittiez, 1988) 
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1.6 Children's Exposure Studies 
Children and infants are exposed to a large number of metal contaminants through a 
variety of environmental exposures (Moon et al. 2003; Ringold 2005). The harmful 
effects of children's exposure to contaminants in their environment cannot be 
completely understood until the magnitude of their exposure, and the absorption and 
accumulation from that exposure is fully determined. The most appropriate scientific 
method for determining exposures and associated health hazards for children is to 
perform an observational exposure study of children in their normal environment 
(Adgate et al., 2004). Observational exposure studies are defined as the collection of 
personal and environmental samples, data, and information from participating 
volunteers in their everyday environments as they go about their normal activities 
(Nieuwenhuijsen, 2003). Data can be collected on both macro-activities (ie where a 
child spends his time) and micro-activities (ie frequ'ency of children's hand to mouth 
interaction) (Freeman et al., 2001). This study is focused on the correlation between 
macro-activities and environmental exposures in children. The daily activities of 
children are well documented. Children spend approximately 75% of their time 
indoors, mostly at home but also at school, the rest of the time is spent outdoors 
(Adgate, Church, Ryan, Ramachandran, Fredrickson, & Stock et a!. 2004). Hence an 
exposure study focused solely around the residential setting would take into account 
the majority of exposure experienced by a child. The target compounds of this 
exposure study are lead and nickel. 
1.6.1 Lead and Nickel 
Venous blood measurements are widely accepted in the literature for the investigation 
of the body burden of lead (ATSDR, 2007). Whilst alternative biomarkers for lead have 
been investigated, current guidelines only provide recommendations for /{safe" blood 
lead levels (CDC, 1991). Many exposure studies to lead have been performed 
correlating environmental lead concentrations to blood lead concentrations. 
Twelve epidemiological studies dealing with dust lead concentrations and blood lead 
levels for children up to 3 years old have been combined in the literature (Lanphear et 
al., 1998}. Dust samples were collected using two primary methods, dust wipes and 
vacuums (Lanphear et al., 1998}. The geometric means of the twelve studies were 
' ' ' 
pooled, combining 1,297 observations (Lanphear et al., 1998). The pooled exposure 
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studies observed that a dust lead concentration of 508.61 mg/kg correlated with a 
blood lead level of 5.07 IJ.g/dl (Lanphear et al., 1998). This pooled data is difficult to 
compare to other studies, however it does provide some information about the effect 
of dust lead exposure. In the USA, a study focusing on children's exposure to lead from 
soil, estimated that a soil lead level of 310 mg/kg corresponded to a lead blood level of 
9 !J.g/dl (Mielke, Gonzales, Smith, & Mielke, 1999). 
The lack of literature available for nickel exposure assessment means that the effect of 
environmental nickel exposure in children is still unclear. No information is available 
on the absorption of nickel from oral or dermal contact in children (ATSDR 2005). 
1.6.2 Previous studies in Esperance 
The DoH conducted voluntary blood testing of 2J22 Esperance community members 
between March and June 2007. Three hundred and fifty had blood lead levels higher 
than 5 !J.g/dl, with 31 exceeding the World Health Organisation (WHO) recommended 
blood lead concentrations of ~10 IJ.g/dl (DoH and DEC, 2007b; Western Australia 
Government Committee of Inquiry Education and Health Standing Committee, 2007). 
The DoH found that people with elevated blood lead levels clustered to the north and 
south east of the Esperance Port, VJith the latter being close the rai!vJay lines on vJhich 
the lead carbonate was transported (Western Australia Government Committee of 
Inquiry Education and Health Standing Committee, 2007). 
The DoH also examined urinary nickel concentrations in 106 participants, and found an 
average of 10.5 nmol/mmol [parts per million] and a range of <1-48 nmol/mmol [parts 
per million] creatinine corrected (DoH and DEC; 2007a), The reference level of 10 
nmol/mmol [parts per million] creatinine corrected, provided by the DoH was 
exceeded by 39 of the participants (DoH and DEC, 2007a). 
Rainwater tanks were examined by the DEC between the 9th of March and the 5th of 
May 2007 (DoH and DEC, 2007a; Western Australia Government Committee of Inquiry 
Education and Health Standing Committee, 2007). A total of 1,336 rainwater tanks 
from Esperance were tested, and 266 rainwater tanks were above the 0.01 !J.g/L 
Australian Drinking Water Guidelines (ADWG) for lead and 363 rainwater tanks were 
above the 0.02 !J.g/L ADWG for nickel (DoH and DEC, 2007a; National Health Medical 
Research CoUncil, 2004; Western Australia Government Committee of Inquiry 
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Education and Health Standing Committee, 2007). Retesting of 176 rainwater tanks in 
Esperance found there were still elevated concentrations of lead and nickel which 
exceeded ADWG, with rainwater tanks closer to the Esperance Port having higher 
concentrations (Heyworth & Mullan, 2009). The Esperance Port Authority undertook a 
cleaning program for 423 affected rainwater tanks, and a number of homes were 
provided with water filters (Western Australia Government Committee of Inquiry 
Education and Health Standing Committee, 2007). 
Soil was also tested for elevated concentrations of lead and nickel by the DEC. The 
National Environmental Protection Council (NEPC) Australian Health Investigation 
Levels (HIL) is 300 mg/kg for lead and 600 mg/kg for nickel (National Environment 
Protection Council, 1999; Western Australia Government Committee of Inquiry 
Education and Health Standing Committee, 2007). Of the 85 samples tested, the 
highest concentration of lead within a 5km radius of the Esperance port was 380 
mg/kg. This sample was from a quarantine station next to the port and railway line. 
Although this exceeded the residential threshold, it was within the guideline of 1,500 
mg/kg for commercial/industrial use land (Western Australia Government Committee 
of Inquiry Education and Health Standing Committee, 2007). The DEC reported that the 
majority of soil samples tested had low concentrations of both lead and nickel, with 
less than 100 mg/kg lead and less than 150 mg/kg nickel (Western Australia 
Government Committee of Inquiry Education and Health Standing Committee, 2007). 
Dust was sampled from 11 houses using dust swabbing techniques during the DoH 
investigation (Western Australia Government Committee of Inquiry Education and 
Health Standing Committee, 2007). Dust lead loading was calculated to be between 
0.014 to 1.1 1J.g/cm2 in 21 household samples. Outside the households, the dust lead 
loading was found to range between 0.16 to 34 1J.g/cm2 (Western Australia 
Government Committee of Inquiry Education and Health Standing Committee, 2007). 
Currently no Australian standards have been established for lead in dust around 
households (Western Australia Government Committee of Inquiry Education and 
Health Standing Committee, 2007). 
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1. 7 Measurement and Analysis 
1.7.1 Dust and Soil 
Metals find their way into residential homes either as airborne dust (e.g. from leaded 
gasoline emissions) or through items used or activities carried out within the house 
(e.g. renovating or heating source) (Chattopadhyay et al., 2003). Dust provides an 
indication of contaminants in the air (Adgate, Weisel, Wang, Rhoads & Lioy 1995). The 
basic composition of household dust varies throughout residences, due to the different 
uses and function of each room (Lioy, Freeman, & Millette, 2002). The dust in a kitchen 
would not necessarily be similar to the composition found in the bedroom or in the 
bathroom (Lioy et al., 2002). This has also been shown for window sill and floor dust 
comparisons (Adgate et al., 1995). Dust is comprised of many things including crumbs, 
hair, synthetics, soil, starch, plant ,parts, skin, insect parts, and pollens (Lioy et al., 
2002). Limited data is available to accurately describe the distribution of the major 
constituents of house dust in residences around the world (Lioy et al., 2002). There are 
two primary methods for calculating dust metal concentrations in the literature, dust 
loading usually 11g/cm2 and dust concentrations f.lg/g (Lanphear et al., 1995; Lioy et al., 
2002; Yu, Yiin, & Lioy, 2006). A number of sampling methods have been used in the 
literature to collect indoor-generated or outdoor-generated house dust, yard, or street 
dust, including vacuuming and the use of dust wipes (Adgate et al., 1995; Lioy et al., 
2002). Vacuum cleaner bag samples have been used for many years to collect dust 
samples (Lioy et al., 2002). Vacuum cleaners have advantages over the wipe sampling 
due to the large mass of samples that can be collected, making sample analysis easier 
due to higher concentrations of analytes present due to the larger mass (Lioy et al.,, 
2002). 
Composite soil sampling is used to represent the average conditions across a sampled 
area (Tan, 2005). Composite sampling is mainly used to reduce sampling and analytical 
costs (Tan, 2005). Reducing the particle size of soil by grinding produces sub-samples 
that are more homogenous and lower sub-sampling errors are observed (McTainsh & 
Duhaylungsod, 1989). There is a risk however that loss of fines (<63f.lm) may occur if 
the particle size is reduced excessively without proper techniques (McTainsh & 
Duhaylungsod, 1989). 
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The United States Environmental Protection Agency's (USEPA) published protocol 
3050b for acid digestion of sediments, sludges, and soils, is a commonly used method 
for digesting soil and dust samples (Farfel et al., 2001). Whilst the USEPA method 
3050b is not a total digestion technique for most samples, it is a very strong acid 
digestion that will dissolve almost all the elements that could become 
"environmentally available" (United States Environmental Protection Agency, 2002). 
1.7.2 Hair and Toenails 
At present there are no agreed washing procedures for hair and this is reflected in the 
literature (Barbara & Henryk, 1998; Bencko, 1995; DiPietro et al., 1989; Dombovari & 
Papp, 1998; Druyan et al., 1998; Morton et al., 2002; Ryabukhin, 1978; Samanta et al., 
2004; Sanna et al., 2003; Takagi et al., 1986). Current methods include the use of 
various organic solvents, ionic surfactants such as Triton X-100, 
ethylenediaminetetraacetic acid (EDTA) and acids such as dilute hydrochloric acid (HCI) 
(Morton et al., 2002). 
The International Atomic Energy Agency (IAEA) developed a washing method to 
standardise the analysis of hair (Ryabukhin, 1978). The IAEA method for washing hair 
involves sequential washing Vv'ith acetone, water and acetone (Ryabukhin, 1978}. The 
IAEA protocol recommends that the hair (tied in a lock) is covered completely when 
washed sequentially in reagent grade acetone, three times in high purity deionised 
water and once more with acetone (Ryabukhin, 1978). The sample should then be 
allowed to stand at room temperature for 10 min, in contact with the solvent and with 
constant stirring. The washing should be carried out in a dust free enclosure 
(Ryabukhin, 1978). This method is probably adequate for the removal of dirt and dust, 
but there is no evidence that it will only remove exogenously bound trace elements 
from the hair (Valkovi, 1988). 
A number of digestion methods have been used, incorporating either hot plate or 
microwave digestions to mineralise the hair (Bencko, 1995; DiPietro et al., 1989; 
Samanta et al., 2004; Sanna et al., 2003; Schuhmacher et al., 1996; Sreenivasa Rao et 
al., 2002). Studies typically use strong acids such as nitric acid or perchloric acid for 
digestion (Bencko, 1995; DiPietro et al., 1989; Samanta et al., 2004; Sanna et al., 2003; 
Schuhmacher et al., 1996; Sreenivasa Rao et al., 2002). Oxidising agents such as 
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hydrogen peroxide have also been used to aid mineralisation (Sreenivasa Rao et al., 
2002). 
There is no universally accepted method to clean toe nails, which will only remove the 
exogenous contaminants (Ware, 2005). Toenail sampling usually involves manual 
removal of any visible dirt, by scraping the nails before washing (Sa manta et al., 2004). 
One method used to wash nails involves the use of an ultrasonic bath, with the sample 
immersed in high purity regent water (Samanta et al., 2004). The sample vessel is 
decanted and acetone is added for the final wash, and then placed back in the 
ultrasonic bath (Samanta et al., 2004). 
Nails are digested with acids such as nitric or perchloric acids, and oxidising agents 
such as hydrogen peroxide have also been used to aid mineralisation (Kazi et al., 2000; 
Samanta et al., 2004). Microwave digestions are more popular in the literature than 
hot plate digestions having a number of benefits including faster digestion. Hot plate 
digestions however are still widely used where no microwave facilities are available. 
1.8 Rationale 
The purpose of this exposure study was to use non invasive biomarkers to assess the 
body burden of lead and nickel in children living close to a point source of pollution. 
Esperance was an ideal location for a children's exposure case study because of 
previous environmental contamination with lead and nickel above background levels. 
Whilst the export of lead carbonate through the Esperance port has ceased, nickel 
shipments are still taking place. The Esperance community may still be exposed to 
elevated nickel concentrations. 
The immediate results of this exposure study will show whether elevated 
concentrations of metals are present in residential environments in Esperance, and 
also whether children are suffering increased exposure as a consequence. If elevated 
concentrations are not detected in residential settings, but children are identified as 
exposed, then other potential sources of exposure need to be investigated outside of 
the· residential setting. The development of exposure elimination and reduction 
strategies can be formulated if elevated concentrations of metals are found in 
environmental media. This case study will also investigate the spatial relationship 
between metal con'tamination from the port activities in Esperance and the distance 
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from the port. This spatial cross section study will be conducted from a snap shot 
perspective and may identify specific exposure sources. This research will provide 
important data on assessing children's exposure, especially with regard to the use of 
non invasive techniques. 
There are many studies available for the assessment of lead exposure, however these 
studies mainly involve the invasive technique of blood lead levels (ATSDR 2007). 
Urinary concentrations of lead have also been used to assess exposure. More research 
is needed to assess the viability of other non invasive techniques such as hair and nails 
(ATSDR 2007). There is also little known about the hie-availability of lead in regard to 
children's exposure from environmental sources (soil and dust) from mouthing 
activities (ATSDR 2007). 
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CHAPTER2 
AIMS AND OBJECTIVES OF RESEARCH 
2.1 Overall Aim 
The aim of this study was to investigate children's exposure to lead and nickel using 
non invasive biomarkers, and to assess the significance of sources of exposure to lead 
and nickel to children in Esperance. 
2.2 Specific Objectives 
• Use Inductively Coupled Plasma Optical Emission Spectrometry for the analysis 
of lead and nickel in biological and environmental samples; 
• Determine and analyse children's exposure to lead and nickel using non 
invasive biological makers (toenails, hair and urine); 
• Determine and analyse concentrations of lead and nickel in various 
environmental media (dust, soil and water) around the residential setting of 
children; 
• Investigate relationships between environmental exposure and personal 
exposure; 
• Determine the major contributing factors to measured exposure. 
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CHAPTER3 
METHODS 
3.1 Study Design and Area 
This was a cross-section study of lead and nickel exposure in children living at varying 
distances from a point source of pollution. Non-invasive biological markers of exposure 
were collected from participating children together with environmental samples from 
each of the participant households. Exposure was assessed by measuring the 
concentration of metals found in the biological samples, and were correlated with 
environmental samples from each child's respective household setting. Questionnaires 
gathered demographic and lifestyle data which was assessed to determine if these 
factors influenced childrens' exposure. Sampling was targeted at residences close to 
the Esperance port, and residences distant from the port, to assess a variety of 
possible exposure sourcess. The sampling area included Esperance and the adjacent 
suburbs of West Beach, Sinclair, Nulsen and Castletown. Figure 3-1 shows a map of 









I West Beach 
Source: Google Earth (2009) 
Figure 3-1. Esperance and surrounding suburbs 
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3.2 Study Population 
Children aged between 2-12 years old were the focus of this study who had lived in the 
Esperance area for 3 months or greater. The desired target number of participants for 
this exposure study was fifty based on a sample size calculation (See Section 3.2.1). A 
total of thirty-nine children were recruited in this study from thirty-eight different 
households. 
3.2.1 Sample size calculation 
Table 3-1. Sample Size Calculation 
Study Control Statistical Sample Size Study Sample 
Population Power (Exposure Size (Exposure 
Group) Group) 
Urinary Lead Urinary Lead 99% 16 16 
16.4 11g/L 7.0 11g/L 
.-; (15.7SO) (3.7SD) 
> 
"'0 
:J Corrected Corrected 99% 9 9 +-' 
V'l 
Urinary Lead Urinary Lead 
27.6!-lg/g 7.7 llgfg 
(25.6SO) (3.8SO) 
Note: Study 1= Adverse effects of chronic low /eve/lead exposure on kidney function a risk group study in 
children, (Fe Is eta/., 1998}. 
A pre-study sample size estimate was calculated using urinary lead concentrations in a 
low level exposure study (Fels et al., 1998}. Using the urinary lead concentrations a 
total of 16 participants in both exposed and unexposed groups were required to 
provide a 99% statistical power. Using the same studies data, it was found that the 
corrected urinary concentrations could lower the required number of participants to a 
total of 18 in both exposed and unexposed group's. It was decided to use the larger 
sample size calculation and due to potential for participants to drop out after 
recruitment, 50 was the desired number of participants. 
3.3 Recruitment 
Two criteria were used in the selection of potential recruits to participate to the study; 
.1. Participants were required to be between two and twelve years old. 
2. Participants were required to have lived at their residence for at least three 
months. 
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Recruitment was based on the distribution of information sheets to residents in 
Esperance via local organisations such as the Locals for Esperance Development (LED) 
group, local media and other community contacts. These groups asked potential 
recruits to get in contact with the researchers. 
The nature of this study was explained by the researchers at a meeting with potential 
participants. When this was not possible, the researchers would discuss the project 
with the potential participants over the phone. A sample pack containing further 
information (Appendix B), consent form (Appendix CL sampling instructions 
(Appendix D), questionnaire (Appendix EL and materials was provided to participants, 
either in person, or posted by mail. 
During recruitment two participants were recruited who had resided in the area for 
less than three months because of a strong desire by their parents to have their 
children participate. One child of a year old was also permitted to participate. 
3.4 Confidentiality and Ethical Issues 
Human ethics approval was obtained from Edith Cowan University Human Ethics 
Committee Project Number 3439. All data was processed and stored appropriately to 
ensure confidentiality. No personal identifiers were attached to any of the samples or 
records. Paper based records were stored in locked storage cabinets. Electronic data 
was coded, protected by password and only accessible by the researchers. 
A consent form was provided to parents of children participating in this study, which 
was required to be signed and witnessed before any samples were collected. The 
consent form explained that there was no obligation to participate and no cost would 
be incurred by the participants (Appendix C). Participants reserved the right to request 
or deny the study results relating to the samples they provided, as well as the right to 
withdraw from the study. Any participating parent who required further information 
was able to contact the research team. 
3.5 Sampling and Data Collection 
Each participant was required to provide a hair, toenail and urine samples. To minimise 
the inconvenience to each participating child, parents were asked to aid in the 
collection of the various biological .samples. Parents were also asked to collect the 
environmental samples from each child's household including dust, soil and drinking 
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water. Researchers explained sampling procedures to all participating parents and also 
provided information sheets, which detailed each procedure (Appendix D). These steps 
were taken to maintain the best standardisation and quality control practices with 
regard to sampling. The research team did not aid in the collection of any of the 
biological or environmental sampling. 
All of the samples, consent forms and questionnaire data were collected from each 
participating household during two weeks in April 2009. Samples were couriered back 
to Perth and stored at Edith Cowan University, Joondalup (See Section 3.6). 
Appropriate chain-of-custody procedures were maintained throughout the study. 
3.5.1 Biological samples 
The hair sample was cut from three or more different locations on the nape of the 
child's neck. Parents were asked to cut the hair as close to the scalp as possible with 
full strands of hair. The hair mass was required to be of at least 300-SOOmg (described 
as a pencil width of hair) and the section required was only the first 3cm from the 
scalp. All samples were then placed into a plastic sample bag provided. 
Parents were asked to clip toenails from all ten toes of the child and place them into a 
labelled plastic bag provided. 
The children were asked to provide a sample of their first morning urine of the day. 
Older children were instructed to collect their urine sample by urinating directly into 
the specimen jar capturing the mid stream of the first void. For younger children, 
parents were instructed to collect the sample in a potty and then pour the sample into 
the specimen jar. If the latter method of urine collection in a potty was used, parents 
were requested to clean their child's potty with two rinses of boiling water first. 
3.5.2 Environmental samples 
Participants were asked to collect dust samples by emptying the contents of their 
vacuum cleaner bags into a provided sample bag. The <601J.m fines fraction of each 
sample was extracted and collected in the laboratory after collection. 
Participants were requested to collect soil samples from four locations around each 
residence from bare areas of soil where the participating child plays. Four discrete 
samples were collected and combined into a single composite sample for the purpose 
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of analysis. The total mass of the four sample collected was to be approximately 300-
500 g to ensure adequate sampling mass for analysis. 
On the day of sample collection, each participant was asked to collect a drinking water 
sample from the main drinking water source at their residence. Samples of water were 
collected into 500 ml polyethylene 1M HCI acid washed bottle provided by the 
research team. Participants were requested to rinse the provided bottle twice with the 
same source of water as the sample whilst being sure to coat the entire internal 
surface and neck of the bottle with the water sample. A sample was then taken filling 
the whole bottle, while held in a squeezed position to exclude air, and the lid put on. 
Once the bottle was full and the lid was on, grip was to be released. 
3.6 Sample Storage 
Samples were adequately stored at all stages of the study (Iyengar, Subramanian, & 
Woittiez, 1998). Dust, soil, hair and toenail samples were stored at 4°C in a fridge until 
preparation for analysis. The drinking water and the urine samples were stored at 
minus 20°C until they were delivered to the Chemistry Centre of Western Australia for 
analysis. 
3. 7 Sample Preparation for Digestion 
3.7.1 Dust and Soil 
The <60!lm fines fraction of the dust samples was extracted and collected in the 
laboratory. This was done by filtering each sample through a sieving tower with a 
2mm, 750Jlm and 60 11m layered meshes. Each sample was shaken in a closed sifting 
pan for homogeneity. The sifted samples were weighed and the mass of dust collected 
was allowed to air dry over night loosely covered. The weight of the samples was 
double checked to ensure constant weight at two time intervals, 6 hours apart. On 
average between 0.5 grams and 1.0 grams was collected for chemical analysis. One 
sample did have a low sample mass however chemical analysis was still attempted. 
Sample preparation sieves were cleaned with brushes and a high pressure air hose 
between samples to minimise cross contamination. 
Soil samples were dried in an oven at 35°C ± soc and left to dry for 96hours. After 
drying, the samples were sifted thro.ugh a sieving tower with a 2mm and 750!lm mesh. 
Large rocks and other material above 2mm were removed and discarded. The soil 
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samples that were between 7501J.m and 2mm were manually ground with a mortar and 
pestle until the entire sample was uniformly less than 7501J.m. The sample was shaken 
in a closed sifting pan to aid homogeneity before being split into sub samples via an 
open chute riffle splitter. Each sample was then repeatedly mixed ten times in the riffle 
splitter before a sample of approximately 2.0 ±0.1 grams was split and collected in a 
digestion beaker. The sample weight was recorded and the sample was allowed to air 
dry over night loosely covered. The weight of the samples was double checked to 
ensure constant weight at two time intervals 6 hours apart. Sample preparation sieves 
were cleaned with brushes and a high pressure air hose between samples to minimise 
cross contamination. 
3.7.2 Hair and Toenails 
The samples collected were transfe.rred to individual beakers and washed five times, 
for ten minutes contact time, with 25ml portions of acetone, then three separate 
washes of Milli-Q water, then acetone, decanting off the wash liquid after each 10-
minute wash. A mechanical stirring rotation device with a timer was used to facilitate 
the washing process. The sample was then dried for 4 hours in a 35°C ± soc oven 
before being allowed to air dry over night loosely covered. The weight of the samples 
was double checked to ensure constant weight at two time intervals 6 hours apart. On 
average the mass of the hair samples was 200 mg and 13 mg for the toe nails. 
3.7.3 Urine and Water 
Urine and water samples were delivered frozen to the Chemistry Centre of Western 
Australia where all sample preparation was performed. Analysis of the metal 
concentrations was performed using an Agilent Inductively Coupled Plasma - Mass 
Spectrometry (ICP-MS) 7500cs (which included collision cell) and internal standards. 
Creatinine was analysed by a discrete autoanalyser (Labmedics/Thermo Fisher 
Aquakem) using colorimetric determination and caustic/picric acid solutions. 
3.8 Reagents and Standard Preparation 
Acids used including hydrochloric acid 35% w/w (Merck, Australia) and nitric acid 70% 
wjw (Ajax Finechem, Australia) were of analytical grade. Other chemicals used 
included hydrogen peroxide 30% w/w (Rowe Scientific, Australia). The water used was 
Milli-Q water whicn was filtered through an 18.21J.S MilliPore filter. The preparation of 
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standards, reagents, dilutions and blanks analysed used only high purity Milli-Q water. 
All elemental standard solutions were made with analytical grade Suprapur nitric acid 
6S% w/w (Merck, Australia) and 1000 mg/L elemental standard reagents in 2% nitric 
acid w/w (Australian Chemical Reagents (ACRL Australia). Mixed elemental standards 
were made up in concentrations of 0.02, 0.2, O.S, 1.0, 2.0, S.O, 10.0, 20.0, SO.O, 100.0, 
200.0 and SOO.O mg/L. 
3.9 Sample Digestion 
3.9.1 Dust and Soil 
The dust and soil digestion was conducted using USEPA method 30SOb (United States 
Environmental Protection Agency, 2002) with the alteration that the final volume of 
dilution was SOmL instead of 100ml, due to a lack of available glassware. 
To the prepared dust and soil samples (Section 3.7.1) 10ml of 1:1 HN03 and Milli-Q 
water was added into each in a beaker and covered with a watch glass vapour recovery 
device. The samples were heated to 9S°C ± soc and refluxed for 1S minutes without 
boiling. The samples were then removed from the heat and allowed to cool for S 
minutes. After the samples had cooled, Sml of concentrated HN03 was added to each 
sample and the samples were refluxed again for 30 minutes without boiling. The 
previous step (additions of Sml of HN03) was repeated until no brown fumes were 
emitted, indicating that the oxidation reaction with HN03 was complete. The samples 
were then heated at 9S°C ±soc until the volume was reduced to approximately Sml or 
had been heated for 2 hours without boiling. 
The samples were then cooied and 2ml of Mllii-Q water and 3ml of H20 2 were added 
to each sample. The samples were again covered and the beakers were placed on the 
hotplates covered by a watch glass to start the peroxide reaction. The samples were 
then heated until effervescence subsided and the beakers were cooled. Repeated 
additions of H20 2 in 1ml aliquots were added to samples with warming until the 
effervescence was minimal or until the general sample appearance was unchanged 
(10ml was the maximum H20 2 allowed to be added). 
The samples were then covered with a watch glass and the acid-peroxide digest was 
heated until. the volume was been reduced to approximately Sml or heated at 9S°C ± 
soc without boiling for two hours. The samples then had 10ml of concentrated HCI 
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added and were again placed on the hotplate at 95°C ± soc and refluxed covered with 
a watch glass for 15 minutes. The samples were filtered through a Whatman No. 41 
filter paper and each sample filtrate was collected in a SOmL volumetric flask. The 
samples were made up to volume with Milli-Q water and were then ready for analysis 
by ICP-OES. 
3.9.2 Hair and Toenails 
The hair digestion method used was based on the published method by Sreenivasa Rao 
et al., (2002). To the prepared hair sample samples (Section 3.7.2) 12ml of 2:1 HN03 
and H20z was added into each in a beaker covered with a watch glass vapour recovery 
device. The beakers were heated to 150°C for 30 minutes or until mineralisation was 
complete. Once the hair was mineralised, the volume in the beaker was reduced to 
almost dry. The beaker was then ritlsed with a solution containing 1:9 HN03 and Milli-
Q water and the washings filtered through Whatman No. 41 filter paper and collected 
in a 10ml volumetric flask. The sample was made up to volume with the same 1:9 
HN03 and Milli-Q water solution and then was ready for analysis by ICP-OES. The 
toenail digestion method was based on literature (Kazi et al., 2000) a nitric acid and 
hydrogen peroxide digestion, but was modified to follow the same hot plate digestion 
procedures as the hair samples. This meant that the same digestion temperature of 
150°C was used instead of 65°C as reported in the literature (Kazi et al., 2000) and the 
final acid concentration of the samples was made to be equivalent to the hair samples, 
1:9 HN03 and Milli-Q water. 
3.10 Chemical Analysis 
A range of metals were analysed in each of the samples, however only the results for 
lead and nickel results are published and discussed in this study. In order to access 
more sensitive analytical instruments that were not available at Edith Cowan 
University Joondalup, water and urine samples were analysed externally at a NATA 
accredited laboratory, the Chemistry Centre of Western Australia. The analysis was 
conducted on Inductively Coupled Plasma Mass Spectrometry. The samples of urine 
and water were analysed for a range of metals including: aluminium (AI), arsenic (As), 
barium (Ba), cadmium (Cd), cobalt (Co), chromium (Cr), copper (Cu), iron (Fe), mercury 
(Hg), magnesium (Mg), manganese (Mn), lead (Pb), nickel (Ni), tin (Sn), vanadium (V) 
and zinc (Zn). 
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The dust, soil, hair and toenail samples were analysed at Edith Cowan University 
Joondalup using Inductively Coupled Plasma Optical Emission Spectrometry. The 
samples were analysed for a range of metals including: aluminium (AIL arsenic (As), 
copper (Cu), cobalt (Co), cadmium (Cd), lead (Pb), manganese (Mn), nickel (Ni) and zinc 
(Zn). 
Analysis of dust, soil, hair and toenail samples was performed with a Varian Vista PRO 
Inductively Couple Plasma Optical Emission Spectrometry (ICP-OES), supplied by Varian 
Analytical Instruments, Australia. The Varian Vista Pro uses a Charge Coupled Device 
(CCD) detector, using the operating conditions in Table 3-2 and wavelengths in Table 
3-3. Instrument and Method detection limits are provided in Table 3-4. 











Replicate read time 
Instrument stabilization delay 
Sample Introduction settings 
Sample uptake delay 
Pump rate 
Rinse time 




Reporting Wavelength (nm) 
231.604 
220.353 
Table 3-4. Method detection limits 
Dust Soil Water 
(mg/kg) (mg/kg) (IJ.g/L) 
Pb 0.2 0.08 0.1 (Ex) 
























0.1 l.O (Ex) 
0.3 2.0 (Ex) 
Note: Ex= Externally analysed sample, detection limit received from the Chemistry Centre Western 
Australia 
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3.11 Quality Assurance and Quality Control 
Quality control procedures are necessary to ensure that the obtained analytical data 
and reported values are precise and accurate (United States Environmental Protection 
Agency, 1992). Quality Assurance is a laboratory operations program of specified 
standard procedures that are aimed at producing data of defensible quality and high 
reliability of reported results (Csuros, 2002). Quality Control consists of a set of 
measures within a sample analysis methodology to ensure the process is controlled 
(Csuros, 2002). The Quality Assurance and Quality Control (QA/QC) procedures were 
derived primarily from USEPA guidelines (United States Environmental Protection 
Agency, 1992). 
3.11.1 Cleaning procedures 
All laboratory glassware was made from borosilicate glass and cleaned using the 
following procedure before use (Csuros, 2002); 
1. Labels and markings were removed with acetone 
2. Glassware was then washed with a hot soapy water and scrubbed with a brush 
3. Rinsed with distilled water 
4. Left in an acid wash bath 10% HN03 for 24 hours 
5. Rinsed with high purity Milli-Q water 
6. Dried on racks 
7. Stored to avoid contamination from dust 
3.11.2 Equipment calibration 
The ICP-OES was set up to the manufacture's specifications and software programmed 
as required. The initial warm up period of the ICP-OES was 15 minutes. The initial 
calibration involved running a calibration blank and then standard solutions of varying 
concentrations as required for each sample type. A minimum of 5 calibration standards 
and a calibration blank were used to construct a calibration curve. Between each 
calibration standard run, the peristaltic tube of the ICP-OES was rinsed with a wash 
blank, which was equivalent to the calibration blank except in a different container to 
avoid cross contamination. For the measured wavelengths each calibration curve was 
required to have a linear R2 value of at least 0.9996. Total system recalibration was 
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performed if the initial calibration linear R2 value did not meet the required level. 
Calibration was performed every 50 samples. 
After the calibration process each of the standard solutions were run as samples 
(Csuros, 2002). The standard solutions were run straight after the calibration phase 
and again at the end of each sample run (usually 50 samples). The standard solutions 
rerun as samples did not deviate more than ±5% from calibration values. 
3.11.3 Method blank 
Method blanks were used to provide an assessment of possible laboratory 
contamination both from chemical reagents and laboratory processes (Csuros, 2002). 
Method blanks consisted of an acid digestion without a sample added which was 
prepared to the sample acid content and concentration as the sample solutions. A 
minimum of three method blanks were analysed for every 50 samples. 
3.11.4 Method and sample replicates 
A minimum of 5% of samples were run as replicates in triplicate to analyse method 
precision (Csuros, 2002). Method replicates did not deviate more than ±10% from 
highest to lowest values. Every 20 samples a single sample solution was rerun to 
analyse instrument precision. The repeated solution concentration did not deviate 
beyond ±2.5%. 
3.11.5 Creatinine correction 
Urine samples with creatinine values below 0.3 g/1 or above 3.0 g/1 were excluded in 
order to minimize both over- and underestimation in calculating the normalized 
concentrations (Aguilera et al., 2008). 
3.11.6 Reporting 
The ICP-OES output provided data in parts per million (ppm) which is also expressed as 
mg/kg. The ICP data received included the dilution of the samples which was either to 
10ml or 50ml, depending on the sample type. The ICP output was first corrected for 
blank concentration.· 
ICP OUTPUT- BLANK= RAW CONCENTRATION 
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The samples were then corrected for dilution and also sample mass per gram weight 
using the formula below. 
(RAW CONCENTRATION/ SAMPLE WEIGHT)*(DILUTION FACTOR)= REPORTING CONCENTRATION 
When the data provided by the ICP was negative, the value was treated as below MDL. 
3.11.7 Management of data and statistical methods 
All ICP data was collated in Excel 2007 spreadsheets. All experimental and 
questionnaire data was transferred into SPSS version 17.0.0. Google Earth was used to 
supplement the questionnaire data set by the determination of the distance to the 
Esperance port from the participant household address. All statistical analysis was 
performed using the software SPSS version 17.0.0. 
A large percentage of non detectable concentrations were present in most data sets 
(Appendix Table 8-3). Censored values were replaced with the method detection limit 
divided by two (Aguilera et al., 2008; United States Environmental Protection Agency, 
2006}. Due to the highly skewed nature of the data and large percentages of censored 
values, data was unable to be normalised by log transformations and subsequently 
non parametric tests were used for statistical analysis. Non-parametric methods were 
used as they are effective in establishing differences between groups as well as dealing 
with errors or inconsistencies in skewed data (Gauch, 2000; Wendelberger & 
Campbell, 1994). Spearman Rho correlations were used as the primary non parametric 
test to determine correlations between environmental and biological measures of 
exposure and other continuous data sets from the questionnaire. Where Spearman 
Rho correlations are provided, ** represents significance at the 0.01 ievei and * 
represents significance at the 0.05 level. Mann Whitney U tests were used to 
determine differences within categorical data where two groups existed. Categorical 
data with more than two groups were tested with Kruskai-Wallis analysis of ranks. All 
descriptive data was summarised with geometric means, the 95% confidence interval 
of the geometric mean, the median and ranges. Interpretation of environmental and 
biological markers of exposure were made to relevant guidelines, and where 
guidelines were not available, a tabulation of comparative studies was used. One 
questionnaire was not received from a participant, and this participant was 
subsequently excluded from certain data analysis. 
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CHAPTER4 
RESULTS 
4.1 Demographic and Lifestyle Characteristics of Sample Population 
The population demographics are summarised in Table 4-1. There were an equal 
number of male and female participants in this study with an age range of 1 to 11 
years old (Table 4-1). One subject did not return their demographic data. Participants 
had lived at their current residence for a mean of 2.5 years (Table 4-1). The direct 
distance from each household to the Esperance port was between 0.5 and 7.0 km 
(Table 4-1). The greatest number of participants was recruited from the suburb West 
Beach, which is adjacent to the Esperance Port (Table 4-1). 
Table 4-1. Sample population demographics 
n % 
Number of Participants 39 
Number of Households 38 
Gender (n=38) 
Females 19 50% 
Males 19 50% 
Age (years) (n=38) 
Geometric Mean 4.8 
Median 5.5 
Range 1-11 
Lived at current address (years) (n=38} 
Geometric Mean 2.5 
Median 3.0 
Range 1-12 
Distance from Esperance port (kilometres) (n=37) 
Geometric Mean 2.0 
Confidence Intervals 95% 1.5-2.5 
Median 1.8 
Range 0.5-7.0 
Participants grouped by suburb (n=38} 
Castletown 5 13.2% 
Esperance 4 10.5% 
Nulsen 9 23.7% 
Sinclair 3 7.9% 
West Beach 14 36.8% 
U ncategorised 3 7.9% 
Note: The percentages reported are based on the total number of participants with valid data (n=38} 
(n=number of responses), Uncategorised suburbs were any suburb which did not fit into the other suburb 
categories, and were located outside of the main Esperance town site. 
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4.2 Activities and Li.festyle Factors that may Influence Exposure 
4.2.1 Passive exposure to smoking from household members or visitors 
Questionnaire data was used to assess the percentage of participants who were 
passively exposed to smoking by household members or visitors. It was found that 47% 
of participants were passively exposed to smoking (Appendix Table 8-2). The location 
of any passive smoke exposure was most likely to be outdoors. The frequency of 
exposure to passive smoke was daily (20%) or less (36%) (Table 4-2). 
Table 4-2. Passive exposure to smoking from household members or visitors 
Exposure Location n % 
Indoors 1 2.6% 
Outdoors 18 47.4% 
Both 1 2.6% 
Exposure Frequency 
Daily 8 20.1% 
A few days a week 2 5.3% 
A few days a month 4 10.5% 
Less than a few days a month 8 20.1% 
Note: The percentages reported are based on the total number of participants with valid data (n=38} 
(n=number of responses from 38 participants) 
4.2.2 Diet 
The dietary intake of participants was of three main types, no special diet (80%), 
vegetarian (5%) or other diets (15%) (Appendix Table 8-2). Fruit and vegetables were 
grown at 56% of households, with 55% of the participants consuming their home 
grown fruit and vegetables as part of their normal dietary intake (Appendix Table 8-2). 
The greatest frequency of consumption of home grown fruit and vegetables was in the 
"few days a \Neek" category (Tab!e 4-3). Habits of washing and peeling home grown 
fruit and vegetables were also examined. Households most commonly "always" 
washed home grown produce, however households "rarely" or "never" peeled 
vegetables prior to eating (Table 4-3). 
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Table 4-3. Home-grown produce consumption and preparation · 




A few days a week 8 
A few days a month 4 
Less than a few days a month 6 · 





















Note: The percentages reported are based on the total number of participants with valid data (n=38} 
(n=number of responses from 38 participants) 
4.2.3 Participant water use 
The questionnaire assessed the source of water, and common uses of rainwater. 
Rainwater was reported to be used by 63% of participants (Appendix Table 8-2 and 
Table 4-4). Forty seven percent of households still used rainwater as a primary source 
of water at the commencement of the study (Appendix Table 8-2}. For those who had 
rainwater tanks, rainwater was most commonly used every day (Table 4-4). Drinking 
water was the most frequently reported use of rainwater (Table 4-4). 
Table 4-4. Rainwater use and frequency of use 
Reported Rainwater use n Yes% 
Drinking water 21 55.3% 
Cooking 17 44.7% 
Filling the pool 2 5.3% 
Irrigating the garden 9 23.6% 
Washing fruit or vegetables 12 31.6% 
Irrigating vegetables 4 10.5% 
Frequency of rainwater use 
Everyday 12 31.6% 
2-3 times per week 1 2.6% 
4-5 times per week 2 5.3% 
Once a week 2 5.3% 
None 6 15.8% 
Note: The percentages reported are based on the total number of participants with valid data (n=38} 
(n=number of responses from 38 participants) 
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4.2.4 Participant's contact with soils, time spent outside, and play areas 
Ninety percent of children were active in the garden or came in contact with soil 
(Appendix Table 8-2). The most frequent soil contact category was 1-5 hours (Table 
4-5). The most common areas where children played were the local school playground 
and friends' houses (Table 4-5). On average children spent at least 3 hours outside per 
day (Table 4-5). 
Table 4-5. Participant contact with soils; play areas and time spent outside 
Hours per week in contact with soil n Yes% 
0-1 hours 8 20.1% 
1-5 hours. 19 50% 
More than 5 hours 7 18.4% 
Play areas of child 
Local Park 21 55.3% 
School Play Ground 29 76.3% 
Beach 27 71.1% 
Tennis Court 3 7.9% 
Football Oval 6 15.8% 
Cricket nets 0 0% 
Local Swimming Pool 19 50% 
Friends House 29 76.3% 
Hours spent outside per day 
Geometric Mean 2.8 
Confidence Intervals 95% 2.3-3.3 
Median 3.0 
Range 1-10 
Note: The percentages reported are based on the total number of participants with valid data (n=38} 
(n=number of responses from 38 participants) 
4.2.5 Air-conditioning and air cycling 
Air-conditioners were reported to be owned by 45% of households (Appendix Table 
8-2). The frequency of air-conditioning use in households ranged between 0 and 24 
hours a day (Table 4-6). 
Table 4-6. Air-conditioning 
Hours per day of air-conditioning use 
Geometric Mean 







Note: The percentages reported are based on the total number of participants with valid data (n=38} 
(n=number of responses from 38 participants) 
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4.2.6 Other factors influencing exposure 
Other activities which may influence environmental and biological concentrations of 
lead and nickel include renovating, the use of fertilisers, and the use of termaticides. 
These are summarised in the Appendix Table 8-2. Health problems and medication use 
are also summarised in Appendix Table 8-2. 
4.3 Environmental Concentrations of Lead and Nickel 
In the dust sample analysis, one dust sample could not be analysed for its lead 
concentration due to low mass and provided the non-detect value. The geometric 
mean of lead concentrations found in household dust was 74 mg/kg with a maximum 
concentration of 377.5 mg/kg (Table 4-7). The geometric mean of nickel 
concentrations found in household dust was 66 mg/kg with a maximum concentration 
of 317 mg/kg (Table 4-7). 
Table 4-7. Concentration of Lead and Nickel in Dust in 38 Participant homes 
Metal n %<MDL GM mg/kg 95% Cl ofGM Median Range mg/kg 
mg/kg 
Lead 38 2.6% 73.9 48.2-113.2 83.0 <MDL-377.5 
Nickel 38 0% 65.6 47.9-89.7 68.3 1.7-316.7 
Note.' n=number of samples, GM= Geometric Mean, Cl= Confidence Interval, MDL= Method Detection 
Limit 
In the soil sample analysis, all samples were of sufficient mass for analysis. Only 37 soil 
results were obtained for the lead and nickel concentration in soil. The geometric 
mean of lead concentrations found in soil samples was 0.4 mg/kg with a maximum 
concentration of 54.3 mg/kg (Table 4-8). The geometric mean of nickel concentrations 
found in soil was 1.4 mg/kg with a maximum concentration of 30.2 mg/kg (Table 4-8). 
These results are significantly lower than the National Environment Protection 
Council's Health Investigation Levels for soil (Table 4-8). 
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Table 4-8. Concentration. of Lead and Nickel in Soils from 37 Participant homes 
Metal n %<MDL GM 95%CI Median Range Soil investigation 
mg/kg ofGM mg/kg mg/kg level (NEPC, 1999) 
mg/kg 
Lead 37 54.1% 0.4 0.2-0.8 <MDL <MDL- 300 
54.3 
Nickel 37 27% 1.4 0.8-2.6 2.9 <MDL- 600 
30.2 
Note: n=number of samples, GM= Geometric Mean, Cl= Confidence Interval, MDL= Method Detection 
Limits, NEPC= National Environment Protection Council (Soil investigation levels are based on 'Standard' 
residential with garden/accessible soil (home-grown produce contributing less than 10% of vegetable 
and fruit intake; no poultry): this category includes children's day-care centres, kindergartens, preschools 
and primary schools}. 
The geometric mean of lead concentrations found in the drinking water samples was 
below the detection limits and the maximum concentration was 0.6 !J.g/L (Table 4-9). 
The geometric mean of nickel concentrations found in drinking water was 1.1 !J.g/L 
with a maximum concentration of 32 !J.g/L (Table 4-9). One sample exceeded the 
National Health and Medical Research Council's (NHMRC) Australian Drinking Water 
Guidelines (Table 4-9). 
Table 4-9. Concentration of Lead and Nickel in Drinking Water from 38 Participant 
homes 
Metal n %<MDL GM 95% Cl of Median Range WHO NHMRC 
!J.g/L GM !J.g/L !J.g/L !J.g/L !J.g/L 
Lead 38 78.9% <MDL 0.1-0.1 <MDL <MDL-0.6 10 10 
Nickel 38 57.9% 1.1 <MDL-1.7 <MDL <MDL- 70 20 
32.0 
Note: n=number of samples, GM= Geometric Mean, Cl= Confidence Interval, MDL= Method Detection 
Limits, WHO= World Health Organisation Drinking Water Guidelines 2006, NHMRC= National Health and 
Medical Research Council (Australia} Drinking Water Guidelines2004. Australia follows the NHMRC 
guidelines. 
Distance to the Esperance Port was also examined as a factor that might influence 
environmental concentrations of exposure (Table 4-10). Significant negative Spearman 
correlations were observed between distance from the Port, and dust nickel, soil lead 
and soil nickel, indicating that concentrations decreased with increasing distance from 
the Port (Table 4-10). 
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Note: N=number of samples, CC= Spearman Correlation Coefficient, Sig. = Sig. (2 tailed) 
**. Correlation is significant at the O.Ollevel (2-tailed). *. Correlation is significant at the 0.05 level (2-
tailed). 
Participants were categorised by the suburb in which they lived, to investigate whether 
it impacted on environmental concentrations of lead and nickel. A Kruskal Wallis test 
revealed significant differences between the suburbs in which participants lived and 
the concentrations of soil and dust lead (Appendix Table 8-11) .. "Esperance" and 
"Uncategorised" suburbs had higher mean soil lead concentrations than the other 
suburbs (Figure 4-1). "Esperance" was also observed to have mean concentrations of 
dust lead that were significantly higher than the other suburbs (Figure 4-2). These 
results can be explained by the distance to port, as Esperance is the closest suburb to 
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Participant's Suburbs 
Figure 4-l. Mean (95% Cl) Dust Lead Concentration for different Participant Suburbs 
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Participant's Suburbs 
Figure 4-2. Mean (95% Cl) Soil Lead Concentration for different Participant Suburbs 
Relationships between the metals in the environmental samples were explained using 
spearman correlations (Appendix Table 8-4). Significant positive relationships were 
found between dust lead and dust nickel, dust lead and water lead, dust nickel and soil 
nickel, soil lead and soil nicket and water lead and water nickel (Appendix Table 8-4). 
4.4 Hair, Toenail and Urinary Lead and Nickel Concentrations 
The average sample mass for hair was 200 mg. This meant that some of the non-
detects were attributed to low sample mass. The geometric mean of lead in hair was 
below the method detection limits and the maximum concentration of 5.7 mg/kg 
(Table 4-11). The geometric mean of nickel in hair was 0.27 mg/kg and the maximum 
concentration of 12.4 mg/kg (Table 4-11). 
Table 4-11. Concentration of Lead and Nickel in Hair from 38 Participants 
Metal n %<MLD GM mg/kg 95% Cl of Median Range mg/kg 
GM mg/kg 
Lead 38 74.3% <MDL <MDL-<MDL <MDL <MDL -5.7 
Nickel 38 18.4% 0.27 0.1-0.8 0.9 <MDL -12.4 
Note: n=number of samples, GM= Geometric Mean, Cl= Confidence Interval, MDL= Method Detection 
Limits 
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The average sample mass for the toenail samples was 13 mg. This meant a large 
percentage of the toenail samples had insufficient mass for detection contributing to 
the large amount of non-detects. The geometric mean of lead in toenails was unable to 
be determined due to the large number of non-detects and the maximum 
concentration was 95.1 mg/kg (Table 4-12). The geometric mean of nickel in toenails 
was 0.34 mg/kg with a maximum concentration of 115.9 mg/kg (Table 4-12). Due to 
the large number of low samples masses for the toenail samples, the results aren't 
considered to be reliable. 
Table 4-12. Concentration of Lead and Nickel in Toenails from 34 Participants 
Metal n %<MLD GM mg/kg 95% Cl of Median Range 
GM mg/kg 
Lead 34 91.1% <MDL <MDL -0.2 <MDL <MDL -95.1 
Nickel 34 85.3% 0.34 <MDL -0.7 <MDL <MDL-
115.9 
Note: n=number of samples, GM= Geometric Mean, Cl= Confidence Interval, MDL= Method Detection 
Limits 
The geometric mean of the urinary lead concentration was below the detection limit 
and the maximum concentration was 3.0 IJ.g/L (Table 4-13). The urinary nickel 
concentration had a geometric mean of 2.3 IJ.g/L and a maximum concentration of 9.0 
IJ.g/L (Table 4-13). 
Table 4-13. Concentration of Lead and Nickel in Urine from 37 Participants 
Observed n %<MDL GM IJ.g/L 95% Cl ofGM Median IJ.g/L Range IJ.g/L 
Lead 37 43.2% <MDL <MDL -1.1 1.0 <MDL-3.0 
Nickel 37 40.5% 2.3 <MDL 2.9 3.0 <MDL-9.0 
Corrected n GM IJ.g/g 95% Cl ofGM Median IJ.g/g Range IJ.g/g 
Lead 36 1.3 1.0-1.6 1.3 0.3-6.7 
Nickel 36 3.2 2.6-4.0 3.5 1.0-20.0 
~-----
~- ~ 
Note: n=number of samples, GM= Geometric Mean, Cl= Confidence Interval, MDL= Method Detection 
Limits, Corrected= Creatinine correction 
Relationships between the metals in the biological samples were explained using 
spearman correlations (Appendix Table 8-4). It was observed that urinary nickel 
correlated with urinary lead concentrations. Strong correlations were observed 
between urinary and corrected urinary lead and also between urinary and corrected 
urinary nickel concentrations. This indicated that creatinine correction did not 
significantly impact the urinary concentrations. Subsequently other correlations were 
found between corrected urinary nickel and urinary lead, and also corrected urinary 
lead and urinary nickel concentrations. 
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Relations were also investigated between environmental and biological samples 
(Appendix Table 8-4). Weak correlations were found between hair lead and dust nickel, 
and also between corrected urinary lead and soil lead. Whilst the hair lead and dust 
nickel correlation is not understood, the correlation between soil lead concentrations 
and corrected urinary lead suggests a significant environmental exposure source. 
4.5 Factors Influencing Children's Exposure 
4.5.1 Demographics 
The data was analysed to see if biological measures of exposure were higher for a 
particular gender, however no significant differences were found (Appendix Table 8-6). 
Age was found to have a significant negative correlation with corrected urinary nickel 
concentration (Table 4-14), indicating that younger children had a higher 
concentration of corrected urinary nickel. No other correlations between age and 
biomarkers were observed (Table 4-14). 
Table 4-14. Spearman Correlations between Age and Biological Measures 
Hair Hair Toenail Toenail Urinary Urinary Corrected Corrected 
Lead Nickel Lead Nickel Lead Nickel Urinary Lead Urinary 
Nickel 
cc -.058 .178 .171 .108 .258 .014 -.217 -.354* 
Sig. .730 .284 .334 .545 .128 .936 .212 .037 
N 38 38 34 34 36 36 35 35 
Note: N=number of samples, CC= Spearman Correlation Coefficient, Sig. = Sig. (2 tailed) 
*. Correlation is significant at the 0.05 level (2-tailed). Corrected= Creatinine correction 
There were no significant correlations between the number of years participants had 
lived at their current address and lead or nickel concentrations in hair, toenails or urine 
(Appendix Table 8-5). No correlations were observed between the distance to the 
Esperance Port and biological concentrations (Appendix Table 8-5). A Kruskal-Wallis 
test found that the participants grouped by their suburbs, were not found to have 
significant differences in the biological measures of exposure (Appendix Table 8-9). 
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4.5.2 Passive exposure to smoking from household members or visitors 
The influence of passive exposure to smoking on participants was examined with a 
Mann Whitney U test (Appendix Table 8-6). Passive exposure to smoking was found to 
be significant at the p= .06 level for hair lead, with concentrations of lead being higher 
in the hair of participants who were exposed to smoking (Figure 4-3). However the 
overall difference between the means of the different groups was approximately 
1 mg/kg, and therefore not considered as a major factor for exposure in this study. No 
other significant differences were found between children passively exposed to 
smoking and lead or nickel concentrations in hair, toenails or urine (Appendix Table 
8-6). Kruskal-Wallis tests investigated whether the location of passive smoking 
exposure or the frequency of exposure to smoking influenced lead or nickel 
concentrations in biological markers and neither of the tests observed significance 
(Appendix Table 8-9). It is also noted that only a small number of participants were 






















Participant's Exposure to Smoking 
Figure 4-3. Mean (95% Cl) Hair Lead Concentration and Exposure to Smoking 
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4.5.3 Diet 
A Mann Whitney U test showed no significance between biological markers of 
exposure and those who consumed home grown fruit and vegetables (Appendix Table 
8-6). Kruskal-Wallis tests found no significant differences between biological markers 
of exposure and the type of diet, the frequency of consumption of home-grown fruit 
and vegetables, or the frequency of peeling home grown fruit and vegetables 
(Appendix Table 8-9). A significant difference in urinary nickel concentrations was 
observed between the different frequencies of washing home grown produce 
(Appendix Table 8-9). It was observed that those who washed fruit and vegetables in 
the {/often" category had the highest concentration of urinary nickel, while participants 
who reported that they {/always" or {/rarely" washed their fruit and vegetables, had 
lower concentrations of urinary nickel (Figure 4-4). This result is spurious and it is likely 
that the low numbers of participants in the "often" and {/rarely" categories make the 
statistic unreliable (Appendix Table 8-9). The differences observed are likely to be due 
to other factors. This study did not find that frequency of washing fruit and vegetables 



























Always Often Rarely 
Frequency of Washing Fruit and Vegetables 
Figure 4-4. Participant's Frequency of Washing Fruit and Vegetables 
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4.5.4 Participant water usage 
A Mann Whitney U test found no significant difference between participants who were 
using rainwater and their hair, toenail or urine concentrations of either lead or nickel 
(Appendix Table 8-6). A Kruskal Wallis test determined that the frequency of rainwater 
use did not influence biological markers of exposure (Appendix Table 8-9). Mann 
Whitney U tests found no significant relationship between biological markers of 
exposure to lead or nickel for any of the groups of rainwater use, including drinking 
water, cooking, filling the pool, irrigating the garden, washing fruit or vegetables, or 
irrigating vegetables (Appendix Table 8-6). 
4.5.5 Participant contact with soils, time spent outside and play areas 
No significant differences were found between participants who came in contact with 
soil and those who did not (Appendix Table 8-7). Mann Whitney U tests were used to 
assess the different areas in which children frequently played, and their hair, toenail 
and urine concentrations of lead or nickel (Appendix Table 8-7). No significant 
differences were found for the play areas, local park, beach, tennis court, footy oval, 
cricket nets, or friends' houses (Appendix Table 8-9). A statistically significant 
difference was observed for participants playing at the school playground and their 
corrected urinary lead concentrations and those who didn't (Appendix Table 8-9). The 
children who did not play at the school had higher corrected urinary lead 
concentrations than those who didn't. The difference in mean concentrations of 
corrected urinary lead in participants who did and didn't play at the school 
playgrounds was less than 1 !J.g/L, and was not considered to be a major factor (Figure 
4-5). Differences were also observed between participants who did and didn't use the 
local swimming pool and their hair nickel concentrations (Appendix Table 8-9). The 
magnitude of the difference between the hair nickel concentrations was less than 1 
mg/kg, which could be accounted by analytical error alone and was not considered to 
be a major factor contributing to exposure (Figure 4-6). 
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Play at Local Pool 
Figure 4-6. Hair Nickel concentrations categorised by playing at the local pool 
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The different categories of frequency of soil contact did not significantly influence hair, 
toenail or urinary concentrations of lead or nickel (Appendix Table 8-9). Negative 
correlations were observed between both urinary nickel and lead concentrations, and 
the time participants spent outside each day (Table 4-15). This result was not 
expected, and suggests that higher levels of exposure were associated more time 
spent indoors. This is possible because of the higher concentrations of both lead and 
nickel found in the dust samples from participants' homes (See section 4.3). 
Table 4-15. Spearman Correlations between Hours spent outside and biological markers 
Hair Hair Toenail Toenail Urinary Urinary Corrected Corrected 
Lead Nickel Lead Nickel Lead Nickel Urinary Urinary 
Lead Nickel 
cc .259 -.287 .196 -.050 -.341# -.422* -.155 -.336 
Sig. .140 .100 .300 .793 .052 .014 .397 .060 
N 34 34 30 30 33 33 32 32 
Note: N=number of samples, CC= Correlation Coefficient, Sig. = Sig. (2 tailed) 
*. Correlation is significant at the 0.05 level (2-tailed). #. Correlation is significant at the 0.06level (2-
tailed) 
4.5.6 Air conditioning 
No significant differences were observed for biological markers between those who 
did and did not own air conditioners (Appendix Table 8-7). No correlations were found 
between biological markers, and the number of hours of air conditioner use (Appendix 
Table 8-5). 
4.5.7 Other factors influencing exposure 
No significant differences were found between hair, toenail or urinary lead or nickel 
concentrations, and factors such as renovating, use of fertilizers or termaticides 
(Appendix Table 8-7, Table 8-9 and Table 8-10). Participant's health was not found to 
be a significant factor for hair, toenail or urinary lead or nickel concentrations 
(Appendix Table 8-6). Due to the broad range of medicines taken by children, no 
further investigation of this factor could be carried out in this study. 
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CHAPTERS 
DISCUSSION 
5.1 Environmental Measures of Exposure 
This study has shown that environmental concentrations of lead and nickel in soil, dust 
and drinking water were generally low. Of thirty eight drinking water samples, only 
two were observed to be elevated for nickel. Whilst the concentrations observed in 
the environmental media from participant homes was generally low, there still is 
evidence suggesting that Esperance has experienced contamination above its natural 
background levels. A correlation was found between distance from the Esperance Port 
to participants' homes, and concentrations of lead and nickel in dust and soil. It was 
observed that dust and soil concentrations decreased with increasing distance from 
the Esperance Port, confirming the Port's role as a static source of pollution. The winds 
Esperance experiences are the likely cause of dust spreading from the Port's activities. 
This is also confirmed by the fact that the suburb of Esperance, which is directly next to 
the Port, has the highest concentrations of lead in dust and soil compared to other 
suburbs. There were however, similarly elevated concentrations of dust lead found in 
four households outside of the main Esperance town. In these households, the source 
of contamination was not likely to be the Esperance Port. It was speculated that these 
households were close to the railway lines leading into the Esperance Port, but this 
was unable to be confirmed. Correlations were found between the dust lead and dust 
nickel concentrations suggesting that they were both from the same source of 
pollution, the Esperance Port. The dust nickel concentrations were correlated with the 
soil nickel concentrations, providing further support that the fines portion (<63~-tm) of 
the soil samples was the result of dust contamination. 
The household dust lead concentrations in this study (GM 73.9 mg/kg, range <MDL-
377.5 mg/kg) were low in comparison to the other studies. The concentration of dust 
lead found in this study was similar to a study in the Sydney metropolitan area (GM 
85.2 mg/kg, range 16-16,600 mg/kg) (Chattopadhyay et al., 2003). Whilst the dust lead 
concentrations observed in Esperance are still quite low, it does reinforce the fact that 
the formerly "pristine" regional town of Esperance has been exposed to elevated 
heavy metal contamination. In relation to studies in the Honk Kong, the USA, and the 
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UK, concentrations of lead in dust were observed to be low (Means 157 mg/kg, 
463.09 mg/kg, 377.5 mg/kg, 490 mg/kg, 561 mg/kg) (Adgate et al., 1995; Clayton eta!., 
1999; Thornton et al., 1990; Tong, 1998; Tong & Lam, 2000). A national study in 
Germany observed lower dust lead concentration than this study (Mean 56.9 mg/kg) 
(Seifert et al., 2000). The household dust nickel concentrations in this study (GM 
65.6 mg/kg, range 1.7-316.7 mg/kg) were comparable to the other studies. The mean 
of this study was slightly higher than a national study in the USA (54.3 mg/kg, range 
14.0-167.3 mg/kg) (O'Rourke et al., 1999). It is noted however that the highest 
concentrations observed in this study were higher than in other studies from Australia 
and the USA (Ranges 34-80 mg/kg, <116.4 mg/kg) (Butte & Heinzow, 2002; Davis & 
Gulson, 2005; O'Rourke et al., 1999). The highest concentrations observed in this study 
were associated with proximity to the Esperance Port, and whilst generally low, were 
still considered to be "elevated". There are no Australian guidelines for household dust 
lead or dust nickel, so published data from other non-exposed households provide the 
only reference to interpret the current findings. Unfortunately, variations in 
methodology and reporting mean that this study cannot be directly compared to 
previous research by the DEC in Esperance as their results are expressed in terms of 
the surface area sampled (~J.g/cm 2L rather than the mass of the dust sample (mg/kg) as 
used in this study. 
The soil concentrations for lead and nickel in this study were low when compared to 
the Australian National Environmental Protection Council's (NEPC) Health Investigation 
Levels (HIL). The concentrations of soil lead (GM 0.4 mg/kg, range <MDL-54.3 mg/kg) 
were significantly lower than NEPC HIL for lead (300 mg/kg), and the concentrations of 
soil nickel (GM 1.4 mg/kg, range <MDL-30.2 mg/kg) were also significantly lower than 
NEPC HIL for nickel (600 mg/kg) (National Environment Protection Council, 1999). The 
low concentrations of lead and nickel observed in this study are consistent with the 
Department of Environment and Conservation's (DEC) examination of soils in 2007 
(Western Australia Government Committee of Inquiry Education and Health Standing 
Committee, 2007). The DEC also made a statement that the majority of soil samples 
observed contained a concentration of lead less than 10 mg/kg. This is supported by 
the results of this study (DEC, 2007; Western Australia Government Committee of 
Inquiry Education and Health Standing Committee, 2007). 
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Although most of the water samples in this study had very low concentrations of lead 
and nickel, two samples contained elevated concentrations of nickel in relation to the 
Australian Drinking Water Guidelines (NHMRC). The drinking water concentrations of 
lead (GM <MDL, range <MDL-0.6 llg/L) were below the ADWG (10 llg/L), and of the 
nickel samples (GM 1.1~-tg/L, range <MDL-32 llg/L) one sample actually exceeded the 
Australian Drinking Water Guidelines (20 llg/L) (National Health Medical Research 
Council, 2004). Whilst Australia has its own drinking water guidelines, none of the 
samples exceeded the World Health Organisation drinking water guidelines for lead 
(20 llg/L) or nickel (70 ~-tg/L) (WHO, 2008). Approximately half of the participants were 
using rainwater tanks in this study. The two samples which had elevated nickel 
concentrations were both from rain water tanks and were both close to the Esperance 
Port, within 1.5 km. In relation to the DEC's study (DoH and DEC, 2007a; Western 
Australia Government Committee of Inquiry Education and Health Standing 
Committee, 2007) and the later retesting of rainwater tanks in Esperance (Heyworth & 
Mullan, 2009) it was found that the average concentrations of lead and nickel were 
lower in this study (See Section 1.6.2). This is probably the result of an active program 
to clean out rainwater tanks since the DEC's investigation. A number of participants 
had ceased using rain water tanks as their primary source of water: and were currently 
using the town water, which was not expected to show elevated concentrations. 
The dust lead concentrations were positively correlated to the water lead 
concentrations. This suggests that the dust lead was the primary source of 
contamination for the water samples. Because of the large number of water samples 
which had lead concentrations below the detection limits however, no further 
comment can be made on this relationship. 
A positive correlation was also found between soil nickel and soil lead suggesting that 
they came from the same source of pollution, most likely the Esperance Port. This is 
also supported by the significant correlation found between the distance from the 
Esperance Port and concentration of lead and nickel measured in soil samples. It was 
obs.erved that soil lead and soil nickel concentrations decreased with increasing 
distance from the Esperance Port, also confirming the Port's role as a static source of 
pollution. Furthermore, the grouping of participants by suburbs showed that 
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Esperance had the highest soil lead concentrations when compared to the adjacent 
suburbs, which is consistent with its proximity to the Esperance Port. 
Although water lead and water nickel were observed to be correlated, suggesting the 
same source of pollution, this correlation is likely to be due to the fact there were so 
many samples that were below the detection limits in both of the data sets. 
5.2 Biological Measures of Exposure 
Hair lead, and urinary lead and nickel mean concentrations were also low in this study 
compared with literature from overseas studies when looking at exposed and 
unexposed populations. Whilst the mean of the hair nickel samples was within 
reference ranges, a number of hair samples were elevated for nickel. Toenails could 
not be extensively examined for lead and nickel content due to low sample mass, with 
the few results observed above detection limits being spurious and unreliable. Strong 
correlations were observed between urinary and corrected urinary lead and also 
between urinary and corrected urinary nickel concentrations. This meant that 
creatinine normalisation did not significantly impact the results. It was observed that 
urinary nickel correlated with urinary lead concentrations, suggesting that they both 
came from the same source of pollution. Dust nickel correlated with the hair lead 
concentrations, and this relationship is not completely understood. 
The lead concentrations in hair observed in this study (GM <MDL, range <MDL-
5.7 mg/kg) were low in comparison to literature reference ranges. In normal healthy 
hair, other studies have also reported similar difficulties with large numbers of non-
detectable data (Aguilera et al., 2008). For children, 9 mg/kg is suggested for the 
allowable concentration of lead in hair (Esteban et al., 1999; Revich, 1994), and the 
hair results in this study were well below this suggested value. The range of hair 
concentrations observed in this study very closely match a study from Poland (GM 0.9 
mg/kg, range 0.05-5.69 mg/kg) (Grybos et al., 2005). This study also observed low 
concentrations of nickel in hair (GM 0.27 mg/kg, range <MDL-12.4 mg/kg). The mean 
concentration in this study was comparative to studies in the USA and Italy (GM 
0.45 mg/kg, range <1.5 mg/kg and GM 0.45, <1.5 mg/kg) (DiPietro et al., 1989; 
Senofonte et al., 2000). However the highest concentrations in study for nickel 
concentrations in hair were elevated. The highest nickel concentrations in hair 
observed in this study are comparative to a study in India (GM 1.59 mg/kg, 0.45-
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12.45 mg/kg). As there are currently no guidelines for hair concentrations of trace 
elements, meaningful comparisons can only be made to literature reference ranges 
(DiPietro et al., 1989; Grybos et al., 2005; Iyengar & Woittiez, 1988; Samanta et al., 
2004; Senofonte et al., 2000; Shah et al., 2006; Strumylaite et al., 2004; Takagi et al., 
1986; Ward et al., 1987). 
The urinary concentrations of lead (GM <MDL, range <MDL-3.0 IJ.g/L) and nickel 
(GM 2.3 IJ.g/L, range <MDL-9.0 IJ.g/L) in this study were compared to the literature and 
all samples had low concentrations. Corrected urinary lead (GM 1.3 11g/g, range 0.3-
6.7 IJ.g/g) and nickel (GM 1.2 IJ.g/g, range 1.0-20.0 IJ.g/g) was also compared to the 
literature, and similarly due to the strong correlation between uncorrected and 
corrected urinary concentrations, were also found to be within reference ranges. In 
comparison to several studies from around the world, Ghana, the UK, Korea, USA, and 
Mexico urinary lead concentrations (Means of 3.64 IJ.g/L, 13.2 IJ.g/L, 5.44 IJ.g/L, 1.3 IJ.g/L, 
2.08 IJ.g/L, and l11J.g/L) this studies urinary lead concentrations were very low 
(Aguilera et al., 2008; Asante et al., 2007; Calder6n-Salinas & Valdez-Anaya, 1996; 
Iversen et al., 2003; Iyengar & Woittiez, 1988; Komaromy-Hiller et al., 2000; Moon et 
al., 2003; Paschal et al., 1998; Zeiner et al., 2006). Due to the strong correlations 
between urinary concentrations and corrected urinary concentrations, only 
comparisons to the literature are made to uncorrected concentrations. As there are 
currently no guidelines for urinary concentrations of trace elements, meaningful 
comparisons can only be made to other studies reference ranges (Aguilera et al., 2008; 
Asante et al., 2007; Calder6n-Salinas & Valdez-Anaya, 1996; Iversen et al., 2003; 
Iyengar & Woittiez, 1988; Komaromy-Hiller et al., 2000; Moon et al., 2003; Paschal et 
al., 1998; Zeiner et al., 2006). In reference to the previous study in Esperance by the 
DoH, the corrected urinary nickel concentrations were lower in this study (See Section 
1.6.2). No urinary lead concentrations were available for comparison from the DEC. 
From the urinary concentrations observed for lead and nickel in this study, there is no 
indication of any abnormal exposure above normal reference ranges. 
The low mass of children's toenails samples made analysis for lead and nickel by 
Inductively Couple Plasma Optical Emission Spectrometry near impossible as the 
detection limits were too high. Similar masses however, have been accurately analysed 
with Inductively Coupled Plasma Mass Spectrometry (Samanta et al., 2004). Due to the 
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large number of non-detects caused by the low sample mass, the toenail analysis in 
this study is not considered to be an accurate biomarker of exposure. The few samples 
whose lead and nickel concentrations was quantified produced spurious results, which 
were inexplicable. 
For hair a large number of non-detects were observed for lead concentrations. Other 
studies however shown this is not unique (Aguilera et al., 2008}, and that in healthy 
hair mean lead concentrations are normally very low, with a number of studies 
providing means in the parts per billion ranges (Grybos et al., 2005; Takagi et al., 1986}. 
It is also noted that any lead or nickel correlations with hair or toenails could be due to 
systemic absorption from the environment, or could indicate a source of exogenous 
contamination. Current techniques for hair and toenail analysis are unable to 
distinguish between endogenous or exogenous lead and nickel, with the limiting factor 
being the effectiveness of washing procedures during sample preparation. 
5.3 Factors Influencing Exposure 
This study incorporated the use of environmental and questionnaire data to explain 
the primary factors influencing exposure. Descriptive data and correlations were used 
to assess the significance of any environmental or lifestyle factor which may influence 
exposure in this study. 
Children and infants are exposed to a large number of metal contaminants from a 
variety of environmental sources (Moon et al., 2003; Ringold et al., 2005). Children's 
exposure to metals can occur via three main pathways which include dermal 
absorption, inhalation of fine dust particles and vapours, and ingestion of 
contaminated food or water (Moon et al., 2003; Nieuwenhuijsen, 2003; Ringold et al., 
2005). The most significant factor observed in this study was a correlation between soil 
lead and corrected urinary lead concentrations suggesting that the soil contact by 
children was an important exposure pathway. Other studies have cited that due to 
children's universal hand to mouthing activities and undeveloped personal hygiene 
skills including hand washing, children are at increased risk for exposure (Freeman et 
al., 2001). Children also place non-food items that have fallen onto the ground into 
their mouths and even have been reported to consume soil (geophagy) (Freeman et 
al., 2001). 
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Children drink more fluids, eat more food, and breathe more air than adults per 
kilogram of body weight (Fitzgerald et al., 1998). However diet was not found to be a 
factor influencing exposure in this study. This is likely to be due to small numbers 
between categories. Drinking water concentrations of lead and nickel could not be 
correlated with any biomarkers. 
Several weak marginal correlations were observed between biomarkers and the 
demographic and lifestyle data collected. A weak correlation was found between 
children who were passively exposed to smoking and higher concentrations of hair 
lead. Research has confirmed that tobacco smoke contains lead (Mannino et al., 2003), 
and this is a possible correlation. However, whilst statistically significant, it was not 
considered to be a major source of exposure in this study due to the very small 
differences observed between exposed and unexposed. The differences could have 
been due to analytical error alone. 
Age was observed to be a factor which influenced corrected urinary nickel 
concentrations. This suggested that younger children had higher corrected urinary 
nickel concentrations. Literature confirms that younger children may be exposed to 
higher concentrations of nickel compared to adults due to significant differences in the 
absorption, metabolism, and excretion properties (pharmacokinetics) compared to 
adults (Fitzgerald et al., 1998). However, younger children may have lower creatinine 
concentrations, which could overestimate their corrected urinary concentrations 
(Boeniger et al., 1993). Due to this, children with low creatinine concentrations below 
0.3 g/L were excluded from further analysis (Aguilera et al., 2008). However, there are 
suggestions in the literature that creatinine corrects below 0.5 gjL may provide 
inaccurate corrections overestimating concentrations (Boeniger et al., 1993). 
A weak correlation was also observed between children who played at the local pool 
and higher hair nickel concentrations. This correlation is speculated to be due to 
exogenous contamination. The differences observed however were not considered to 
be a major source of exposure. The low difference could also have been due to 
analytical error. 
The frequency of washing fruit and vegetables was found to have statistical 
significance with urinary nickel, but the result was not determined to be reliable due to 
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the low participant numbers between groups. A statistically significant difference was 
observed for participants playing at the school playground and their corrected urinary 
lead concentrations. Due to low numbers of participants this results isn't considered to 
be reliable and not considered to be a major factor contributing to exposures 
experienced. 
A marginal inverse correlation was observed between both urinary nickel and lead 
concentrations, and the time participants spent outside each day. This suggested that 
the more time children spent inside their homes, the higher their level of exposure. 
This is possible because of the higher concentrations of both lead and nickel found in 
the dust samples from participants' homes. However, it doesn't match the correlation 
between soil lead and corrected urinary lead concentrations found. The correlation 
observed between the soil concentrations and the corrected urinary lead 
concentration is considered to be more accurate, due to the inaccuracy of participants' 
estimates in the questionnaire about how many hours per day were spent outside. 
No correlation was found between the participants' suburb and the participant's 
household concentrations of lead and nickel in drinking water. The distance to the 
Esperance port from participants' households was not found to be a significant factor 
for the concentration of lead and nickel in water. Both these factors are likely to be 
because few of the participants were using rain water tanks in this study. 
5.4 Health Risks Associated with Exposure 
Whilst this study was not focused on health outcomes from exposure experienced, it is 
suggested that the concentrations of nickel observed in Esperance may produce low 
level exposure adverse health outcomes, with nickel sensitisation and dermatitis, and 
respiratory effects being the most likely. However, the concentrations at which 
adverse health outcomes occur are not currently known (ATSDR, 2005). This needs to 
be further investigated with future research. 
5.5 Limitations 
This was a small stu'dy investigating children's environmental and human exposure. It 
was conducted from a snap shot in time perspective, which subsequently did not 
factor in seasonal variations and fluctuations. Seasonal variation can influence many 
. . . 
factors, including exposure, environmental concentrations and even growth of 
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biomarkers (toenails). The sampling in this study was conducted as close to the dry 
season in summer as possible, where the concentrations are likely to be highest, 
representing the worst case scenario (Bidone, Laybauer, Castilhos, & Maddock, 2001). 
The questionnaire assessed a wide variety of factors which may have influenced 
exposure (Barceloux, 1999; Casas et al., 2006; Ware, 2001, 2005). However, this list 
was non-exhaustive and research has also found other factors which influence 
exposure. There have been links found between socio-economic status and 
environmental exposures (Hoffmann et al., 2009). 
Due to the highly skewed nature of the data, which was as a results of the large 
number of non-detects in many of the sample analyses, non-parametric tests were 
used to investigate major factors contributing to exposure. Non-parametric tests have 
a lower detection power in comparison to their parametric counterparts (Massey Jr, 
1950). The lower power of the non-parametric tests in conjunction with the low 
number of participants meant that a number of statistical tests of demographic and 
lifestyle factors were unable to provide any significance, and the tests which did mostly 
had low levels of significance. The majority of the data in this study was only able to be 
descriptively analysed. 
Participants were also requested to pass on the research team's contact details to 
other community members who might be interested in this exposure study. It is noted 
that recruitment of this kind does have a self selection bias which may skew the results 
towards those with a vested interest. 
Volunteer sampling was used in this study, which may create inaccuracies and 
sampling errors between different participants. However verbal and written sampling 
instructions were provide to minimise any inconsistencies. Some of the provided 
methods used for collection of the data were not standardised. For example, 
composite soil sampling was used to reduce costs, and also provide an average 
concentration of lead and nickel in the participant soils (Tan, 2005). Dust sampling was 
also not standardised between households, as different participant vacuums were 
employed in each household (Lioy et al., 2002). The dust samples collected were also 
from "normal" use, and subsequently may have contained other materials 
contaminating the fines (<631-.lm) (Lioy et al., 2002). The time period and the area that 
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the dust samples were collected were not calculated, and the method used was to 
provide an overview of the metal concentrations (Lioy et al., 2002). 
As previously mention in the review of the literature and the discussion, a number 
analytical issues are currently experienced by hair and toe nail analysis, primarily with 
the separation of the endogenous and exogenous sources of the elements. Whilst no 
universally accepted methods are available, for hair the most widely used method 
created by the IARC was used (Ryabukhin, 1978). 
For toenails, a method was selected from the literature (Samanta et al., 2004L 
however due to lack of available of ultrasonic baths a mechanical stirrer was employed 
instead. The efficiency of manually removing dirt from the toenail samples was also 
likely to be the most significant source of error. The small size and mass of the nails 
made efficient cleaning difficult. 
Hair, toenails, urine, and dust, currently do not have regulatory guidelines available. 
Comparisons can only be made to similar exposure studies, which provide a limited 
scope for comparisons. This can be particularly noted for dust, where there are 
currently two main types of measures found in the literature, dust loading 
concentrations per unit area and dust concentrations (Lioy et al., 2002). 
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CHAPTER6 
CONCLUSIONS AND FUTURE 
RESEARCH 
This cross-sectional study of lead and nickel exposure to a point source of pollution has 
provided important information on environmental and children's exposure 
concentrations in a non-occupationally exposed population. 
Short term exposure to lead and nickel was non-invasively quantified with the 
measurements of urinary concentrations and longer term exposure was quantified 
with the measurement of hair concentrations. Both urinary and hair concentrations 
were observed to be within literature guidelines. 
The results for environmental samples indicate that Esperance has elevated 
concentrations of lead and nickel. This was seen by correlations between the distance 
from the Esperance Port to participant homes and concentrations of lead and nickel in 
dust and soil. There was also evidence of elevated concentrations of nickel in drinking 
water samples above the Australian Drinking Water Guidelines. The soil lead and nickel 
concentrations were observed to be within the Austraiian Nationai Environment 
Protection Council's guidelines. Dust lead concentrations were observed to be within 
literature ranges, however the highest observed nickel concentrations in this study 
were elevated above reference ranges. 
Although studies have observed demographic and lifestyle factors to influence human 
exposure to contaminants, the contribution of these factors to biological measures 
was limited in this study. 
Further research could investigate the low concentration nickel adverse health 
outcomes, and what concentrations at which they occur. Also further research is 
needed to standardise washing procedures for hair and toenails, to allow distinction of 
endogenous concentrations of metals from exogenous contaminants. 
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APPENDIXB 
INFORMATION 
Exposure to metals -in children aged 2 to12 years in Esperance 
Researchers from Edith Cowan University are conducting a human exposure study to a suit of metals 
including Lead and Nickel in Esperance. The study aims to find out the environmental levels of metals at 
varying distances away from the Port area. Of particular interest is the relationship between these 
environmental metals concentrations and human exposure, particularly in children between the ages of 
2 and 12. It is the aim of the researchers to assess the significance of any human exposure 
concentrations measured. 
Participation in this study is VOLUNTARY please contact 
Dr Andrea Hinwood on (08)6304 5372. 
How can human exposure occur? 
Metals and chemicals are increasing in the 
environment from a variety of activities including 
urbanization, industrial development, mining, 
agriculture and environmental change. 
Human exposure occurs through the presence of 
these chemicals in drinking water, in soils, in dust 
and in food. Occupational exposure can also 
increase exposure as with other activities such as 
smoking. 
Human exposure to Lead and Nickel. 
Research is beginning to suggest that even at low 
continual levels of exposure there may be some 
health effects to environmental metals. 
Lead is associated with impaired mental 
development and interference with the central 
nervous system, kidney damage and dermal 
sensitivity. 
While Nickel is most commonly associated with 
allergic skin reactions, burning and itching 
sensations in the hands and asthma attacks. 
Nickel dust can cause irritation to the eyes, nose 
and throat. As well as a range of nasal and lung 
deficiencies. If ingested in enormously large 
quantities nickel is likely to cause stomach aches, 
kidney and blood disorders. Nickel is also a known 
carcinogen in workers who have been 
occupationally exposed .. 
How can I help? 
Firstly this study will establish metal 
concentrations in soil, dust and drinking water at 
varying distances away from the port. This will 
require the researchers collecting a small amount 
of soil, dust and drinking water from your 
property. 
Secondly the researchers will collect a urine 
sample and small hair sample from the nape of 
your child's neck and toenail clippings from al l of 
their toes. 
This way researchers will be able to assess the 
level of environmental contamination and if there 
is human exposure. 
Confidentiality 
We will provide you with your individual results 
and if required the most appropriate health care 
professional to contact in Esperance. 
Your personal information will be kept in locked 
storage cabinets and accessed only by researchers 
ethically approved to work on this project. 
The results of this study will be published, but 
your name or your child will not be mentioned. 
We are currently recruiting CHILDREN between the ages of 2 -12. 
Participation is VOLUNTARY 
Please c~ntact (08)6304 5372 if you would like to be involved in this study. 
This study has been approved by the ECU Human Research Ethics Committee. If you have any concerns 
about this project and independent ECU Ethics Officer may be contacted on (08) 6304 2170. 
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APPENDIXC 
Personal ID: D D D D 
Consent Form 
CONSENT FORM 
Human Exposure to Metals in Esperance 
Chief Investigators: Dr Andrea Hinwood Edith Cowan University 
Researcher: Ms Caroline Barton 
Students: Matthew Winters, Honours Student ECU 
Thank you for your interest and assistance with this study. 
Before signing this form, please ask any questions on any aspects of the study that are unclear to 
you. 
Statement of consent 
My child has been invited to pmiicipate in this study after having had their rights and 
obligations explained to my satisfaction. I give my consent by signing this fmm on the 
understanding that: 
1. I comprehended the general purposes, methods, and possible inconveniences of the study 
2. All tests described in tllis document which are performed as part of the research program 
will be performed at no cost to me. 
3. If requested a summmy of the results will be provided at the end of the study 
4. In giving my consent I acknowledge that my participation in this study is voluntmy, that I 
may withdraw my child at any time and that I may be asked by the investigators to 
withdraw at any time 
5. I have read the infonnation letter and any questions I have asked have been answered to 
my satisfaction. 
Pa1iicipant: _________________ Date: _______ _ 
Witness: Date: ----------------- ---------
I do/ do not wish to be infonned of the results of this study (please circle) 
If you would like to be infmmed of the results please provide a contact address (below). 
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APPENDIXD 
EDITH COWAN 
Children's Exposure to Metals: Esperance 
Sampling Protocol 
The purpose of this protocol is to standardise the procedure to collect hair, 
toenail, urine and blood samples and to minimise potential contamination of 
samples. 
A. Collection of hair samples 
A pencil thickness (500g- 3 em long) sample is required from three locations 
around the nape of your child's neck. 
• Take a small bundle (20 strands) from the bottom of the neck from three 
or more different locations. 
• Cut the hair as close to the scalp as possible. Full strands of hair are to 
be cut where possible. 
• When all three bundles are put together there should be a pencil 
thickness sample of hair. 
• Only the first 3 em from the scalp will be required, so any remaining 
length is to be removed. 
• Hair is to be placed in labelled plastic bags provided by the research 
team. 
B. Collection of toenail samples 
• Parents of participants are to collect toenail clippings from all 10 toes 
from your child during the period between recruitment and the follow up 
visit. 
• Toenail clippings are to be placed in labelled plastic bags provided by the 
research team. 
• Please take care in cutting the toenails to ensure only the nail is 
provided. 
C. Collection of urine samples 
Urine samples are to be collected using non invasive methods by taking the first 
morning urine of the day (called the first void). 
• During the first morning void either a parent or the child can collect a 
urine sample mid stream . This is achieved by urinating directly into the 
specimen jar. 
• Otherwise <3 sterile potty or container may be used to collect the sample 
and a suffiCient amount is then poured into the specimen jar. 
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• Parents; to sterilize a container or potty, rinse twice with boiling water 
from the kettle. Be careful when using boiling water so as not to cause 
injury or harm to yourself or young one. 
• Once the sample is collected, place in the sample bag provided. 
D. Collection of drinking/rainwater samples 
On the day of sample collection each participant will be asked to provide a 
drinking water sample. The research team will provide a 500 ml polyethylene 
1M HCI acid washed bottle. 
• When collecting the drinking water sample rinse the sample bottle twice 
being sure to coat the entire internal surface and neck of the bottle with 
the water sample. 
• A sample will then be taken filling the whole bottle, while held in a 
squeezed position and the lid put on. 
• Once the lid is on release your grip or squeeze on the bottle. Sample 
collection is now complete. 
E. Collection of soil samples 
A residential sample of soil will be taken to determine the concentration of 
metals present. This sample should be a composite of several locations of soil 
where there are bare areas in your yard or where children play. This is to 
provide a 'worst case' estimate of what your child might be exposed to in the 
soil environment. Because this is a non standard sampling method, the results 
may be under or overestimated and therefore may be different to the results of 
sampling efforts to establish clean up criteria. 
Prior to the follow up visit of researchers, can you please take a trowel and take 
at least a full desert spoon of soil from at least four identified locations in your 
yard into the plastic bag provided. 
The samples collected will be air-dried the ground and passed through a nylon 
60 IJm sieve before and digestion with HN03 and H20 2. 
F. Collection of Dust samples 
A residential sample of dust will be taken to determine any potential 
contamination and the presence of metals. The samples will be collected from 
vacuum cleaners and stored in air tight bags until analysis. Please place the 
contents of your vacuum cleaner in the bag provided and seal. 
All samples will be collected from the participant's home. 
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APPENDIXE 
Questionnaire 
Personal ID: D 0 0 
Date ____ ___ Sample collection date _______ _ 
Children's Exposure to metals in Esperance 
Questionnaire 
EDITH COW AN UNIVERSITY 
Instructions 
1. Please complete on behalf of your child or assist your child 
to complete this questionnaire 
2. Please read each question carefully 
3. Please provide your answer in the box or space provided 
All information provided in this questionnaire will be treated confidentially. 
The purpose of this questionnaire is to obtain information about your child and their 
general use of drinking water and interaction with your immediate environment in a 
study to identify metals concentrations in drinking water, soil, dust, hair and toenails. 
Please read each question carefully and write your answers by ticking the appropriate 
response(s) box or by writing in the space provided using block letters . 
If you have any concems or complaints about the research project and wish to talk to an 
independent person, you may contact: 
Research Ethics Officer 
Human Research Ethics Committee 
Edith Cowan University 
100 Joondalup Drive 
JOONDALUP W A 6027 
Phone: (08) 6304 2170 
Email: research.ethics\a),ecu.edu.au 
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Part A Personal Information 
Ql. What is your age in years? 
0102 
Q2. What is your gender? 
BOY 01 GIRL 02 
Q3. What is your address? 
----------------------------------------------------
----------------------------------------------------
Q4. What is your postcode? 
DODD 
QS. What is the current occupation of your 
mother or female carer? 
Q6. What is the current occupation of your 
father or male carer? 
Q7. How long have you lived at your current (years) (months) 
address? 
Q8. Has your house been changed I 
Yes 01 No 02 renovated in the past year? 
' 
Q9. Does anyone living at your address or 
Yes 01 No 02 any visitors smoke at your house? 
QlO. Ifthe answer is 'Yes' to Q7 
Indoors 01 Where do people smoke at your house? 
Outdoors 02 
Both 03 
Qll. How often does someone smoke at 
Daily 01 your address? 
A few days a week 0 2 
A few days a month 0 3 
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Less than a few days a month 0 4 
Q12. Are you on any medications at the 
Yes D1 No D2 moment? 
Q13. If you answered yes please specify 
Ql4. Do you have any health problems 
Yes D1 No02 
QlS. If you answered yes please specify 
Part B Information related to your diet, drinking water and soil 
handling? 
Q16. Which of the following describes your 
usual way of eating? No special diet 0 1 
Ql7. Are vegetables/fruits/herbs grown in 
your garden at your current address? 
If the answer is "No" go to Q 18 
QlS. Do you eat the vegetables/fruits/herbs 
grown from your garden at your current 
address? 
If the answer is "No" go to Ql8 
Vegetarian diet 0 2 
Weight reduction diet 0 3 
Diabetic diet 0 4 
Fat modified diet to lower blood fat 0 5 
Other 06 
If other please specify 
Yes 01 No 02Don'tknow 03 
Yes 01 No 02 Don't know 03 
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Q19. Which ofthe following 
vegetables/fruits/herbs do you eat from your Tomatoes D 1 
garden? 
If you eat any other produce from your Capsicum D 2 






Apples D 7 
Lemons D 8 
Oranges D 9 
StrawbeiTies D 10 
Basil D 11 
Coriander D 12 
Parsley D 13 
Potatoes D 14 
Onions D1s 
Other (please specify) D 16 
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Q20. How often do you eat 
vegetables/fruits/herbs grown from your 
garden at the moment, or over the last four 
months? 
Q21. Do you or a parent: 
a) Wash the vegetables/fruits/herbs grown 
from your garden before eating? 
b) Peel the vegetables/fruits/herbs grown 
from your garden before eating? 
Q2Z. Have fertilizers been used on your 
property at your current address? 
Q23. Have tennaticides been used on your 
property at your current address? 
Daily 01 
A few days a week 0 2 
A few days a month 0 3 





.. . . ,-, 
Don't know LJ 5 
Always 01 
Often 02 
Rarely 0 3 
Never 04 
Don't know 0 5 
Yes 01 No 02Don'tknow 03 
Yes 01 No 02Don'tknow 03 
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Q24. Have you ever used water from a rain 
water tank spring at your current address? Yes 01 No 02Don'tknow 03 
If you answered "NO" or Don't know to Q23 please go to Q 29. 
Q25. Are you currently using water from a 
rain water tank system at your current Yes 01 No 02 Don't know 03 
address? 
Q26. If you have ceased using water from 
your rain water tank system at your current 0 0 0 0 
address in what year did you cease using it? 
tank system at your current address? 
Q27. In the last week how often have you 
used water from your rain water tank system? Every day 01 
Q28. Do you use or have you ever used the 
rain water for: 
(please tick all that apply) 
2-3 times per week 02 
4-5 times per week 0 3 
Once a week 0 4 
None 05 
Don't know 0 6 
Drinking water 0 1 
Cooking 02 
Filling the pool 03 
Irrigating the garden 0 4 
Washing fruit or vegetables 0 5 
Irrigating vegetables 0 6 
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Other D 7 
Please specify ________ _ 
Don't know D 8 
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Q29. What else do you use your rain water Please specify 
for that has not already been discussed? 
Q30. Does your child spend time in the 
Yes 01 garden playing or assisting with the No 02 Don't know 03 
gardening or any other activities which 
involve contact with the soil? 
Q31. If you answer is "Yes" to Q30 
How many hours per week? 0-1 hours 01 
1-5 hours 02 
more than 5 hours 0 3 
Q32. What is your favourite thing to do in 
the garden? 
Your child must provide the answer to this 
question, even if you have to write the 
answer. 
Q33. Where is your favourite place in the 
garden? 
Your child must provide the answer to this 
question, even if you have to write the 
answer. 
Q34. On average how many hours does your 
0 Ohrs per day child spend outside during a day? 
Q35. Where else do you like to play outside 
on a weekly basis? You may tick more than No where 01 
one ofthese options. 
Local park (please specify) 0 2 
School play ground (please specify) 0 3 
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Beach close to my house D 4 
(please specify) 
Tennis court D 5 
(please specify) 
Footy oval D 6 
(please specify) 
Cricket nets D 7 
(please specify) 
Local swimming pool D 8 
(please specify) 
Friends house D 9 
(please specify, name of road only) 
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Q36. Do you have an air conditioner? 
Q37. If you answered yes to Q36, on average 
how often each day do you operate your air 
conditioner in summer? 
Q38. Do you have your windows open each 
day during summer? 
Other 010 
Yes 01 No 02Don'tknow 03 
0 Ohrsperday 
Never 01 
0-1 hours per day 0 2 
2-5 hours per day 0 3 
6-10 hours per day 04 
more than 10 hours per day 0 5 
Don't know 0 6 
Thank you for your assistance 
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APPENDIXF 
Table 8-2. Summary of Questionnaire Yes Responses . 
Smoking at Household 
No Special Diet 
Vegetarian Diet 
Other Diet 
Are fruit and vegetables grown at household 
Consumption of home grown fruit and vegetables 
Ever use water from rainwater tank 
Had previously being using rainwater but had since stopped 
Currently using water from rainwater tank 
Child active in garden or come into contact with soil 
Air Conditioner 
Renovating 
Fertilisers used at location 






























Note: The percentages reported are based on the total number of participants with valid data (n=38} 
(n=number of responses from 38 participants) 
Table 8-3. Percentage of samples below method detection limits 
Method Percentage of Method Percentage of 
detection limit samples below detection limit samples below 
method method 
detection limit detection limit 
(%) (%) 
Lead Nickel 
Dust 0.2 mg/kg 2.6% 0.09 mg/kg 0% 
Soil 0.08 mg/kg 54.1% 0.15 mg/kg 27% 
Water 0.111g/L 78.9% 1.0 11g/L 57.9% 
Hair 0.04 mg/kg 74.3% 0.01 mg/kg 18.4% 
To~ nails 0.1 mg/kg 91.1% 0.3 mg/kg 85.3% 
Urine 1.0 11g/L 43.2% 2.0 11g/L 40.5% 
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APPENDIXG 
n:1i1 111: lf:lUtHl ~-or::l''•'l:.t:.tla lll'JIIIJIIIH:.tl it;l ... "r.IIIIIH=+."Y;IIl~l;'lliHif~liim'a~ 
Dust Soil Water Hair Toenails Urine ~Urine 




t;; N 38 
" 0 cc .334 1.000 
Qi 
-"' Sig. .040 u z 





V1 .446 •• . 560 
.. 
Qi 
-"' Sig. .634 .006 u z 
cc .328 .140 .081 -.038 1.000 
"C 
Sig. "' .044 .403 .635 QJ ...J 
.'! N 
38 38 37 37 38 
"' .. s cc .038 .063 .077 .450 1.000 
Qi 
-"' Sig. .820 .707 .649 .505 .005 u z 
N 38 38 37 37 38 38 
.259 .341" -.040 .077 1.000 
"C 
Sig. "' QJ ...J 




-tl Sig. .075 .746 .494 .788 .063 z 
N 37 
cc .058 -.056 -.077 -.171 .130 .087 -.222 -.170 1.000 
"C 
"' Sig. .749 .759 .674 .349 .471 .628 .206 .337 ~
V> 
N 33 33 32 32 33 33 34 34 34 ·;;; 
c: 
QJ 
0 cc .264 -.126 -.126 .000 -.034 .299 -.209 -.128 1.000 1--
Qi 
-"' Sig. .811 .138 .492 .491 1.000 .852 .086 .236 .469 u z 




QJ N 37 37 37 32 37 
c: 
§ -.019 ,·· 
Qi 
Sig. .759 .408 .932 .774 .413 .360 .551 .001 -"' u z 
.132 .216 .353' .229 .219 .213 .059 .243 -.190 -.165 .69i' .175 1.000 
, 
Sig. QJ "' .s ~
::; 
"C 
36 35 35 36 36 35 35 32 32 36 36 
QJ 
.448 •• ,•• ;15'' t 
~ Qi 0 -"' Sig._ .533 .389 .582 .808 .299 .348 .532 .106 .975 .006 .000 .001 u u z 
N 36 
Note: N=number of samples, CC= Correlation Coefficient, Sig. = Sig. {2 tailed) . . . 
**. Correlation is significant at the O.Ollevel (2-tailed). *. Correlation is significant at the 0.05 level (2-tailed) 
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APPENDIXH 
















































cc -.305 1.000 
Sig. .063 

















cc -.222 -.170 1.000 
Sig. .206 .337 
N 34 34 34 
cc .299 -.209 -.128 1.000 
Sig. .086 .236 .469 
N 34 34 34 34 
cc -.019 .257 -.012 .062 1.000 
Sig. .911 .130 .946 .737 
N 36 36 32 32 37 
cc .141 .098 -.167 .109 .511 ** 1.000 
Sig. .413 .569 .360 .551 .001 
N 36 36 32 32 37 37 
cc .059 .243 -.190 -.165 .697** .175 
Sig. .737 .160 .298 .368 .000 .307 


























'--" 0 .~ 
uz 
cc .163 .109 -.291 .006 .448** .801 ** .515** 1.000 
Sig. .348 .532 .106 .975 .006 .000 .001 
N 35 35 32 32 36 36 36 36 
cc -.058 .178 .171 .108 .258 .014 -.217 -.354* 
Sig. .730 .284 .334 .545 .128 .936 .212 .037 
N 38 38 34 34 36 36 35 35 
cc -.156 .057 .090 -.238 .067 -.170 -.133 -.321 
Sig. .364 .740 .619 .183 .702 .329 .452 .064 
N 36 36 33 33 35 35 34 34 
cc -.221 -,064 -.011 -.324 .242 .159 .148 .108 
Sig. .182 .703 ,952 .061 .156 .354 .397 .535 
N 38 38 34 34 36 36 35 35 
cc .259 -.287 .196 -.050 -.341 -.422* -.155 -.336 
Sig. .140 .100 .300 .793 .052 .014 .397 .060 
N 34 34 30 30 33 33 32 32 
cc .277 -.459 .105 .393 .170 .117 .031 .013 
Sig. .318 .085 .721 .165 .580 .704 ,921 .967 
N 15 15 14 14 13 13 13 13 




































































.403 .669* 1.000 
.137 .017 
15 12 15 
**. Correlation is significant at. the 0.011evel {2-tailed). *. Correlation is significant at the O.OSievel {2-tailed). 
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APPENDIX I 
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Note: z= z test score, p=significance value, n=number of samples,#= constant (i.e. aff yes or no answers) 
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APPENDIX} 









































































































































































































































































































































































































Note: Chi= Chi squared value, df= degrees offreedom, p=significance value, n=number of samples 
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Table 8-10. Kruskal ~allis tests showing differences between groups (Part 2) 
Hair Toenails Urine (Observed) Urine (Creatinine) 
Lead Nickel Lead Nickel Lead Nickel Lead Nickel 
Chi 1.096 2.577 1.754 7.216 .324 .469 3.396 2.534 
Termaticide df 2 2 2 2 2 2 2 2 
use p .578 .276 .416 .027 .850 .791 .183 .282 
n 36 36 32 32 35 35 34 34 
Note: Chi= Chi squared value, df= degrees of freedom, p=significance value, n=number of samples 
Table 8-11. Kruskal Wallis tests showing differences between groups (Part 3) 
Dust Soil Water 
Lead Nickel Lead Nickel Lead Nickel 
Chi 9.820 6.649 15.373 5.873 3.084 4.226 
Location in df 4 4 4 4 4 4 
Esperance p .044* .156 .004** .209 .544 .376 
n 34 34 33 33 34 34 
Note: Chi= Chi squared value, df= degrees of freedom, p=significance value, n=number of samples 
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